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l-PAK BARGAI 


THE UNDISPUTED PACK KING FOR OVER 20 YEARS, we offer you the very best in Electronic Components and 
Semiconductors that! your money can buy. Look at our lists and prices, they are unbeatable in value and quantity 
and you always have our “Satisfaction or money back guarantee”’. For 1988 we offer more and more Super 

Value Packs. All goods advertised in stock at time of going to press. Please note our new mail order address: 
















= RESISTORS ' TRANSISTORS (cont). MISC. (cont.) 
ak Pak 
No Qty Description Price No Qty Description Price No Qty Description Price 
VP1 300 Assorted Resistors, mixed values & types ...............cccccereeeee £1.00 VP261 4 Programmable Unijunction Transistors, MEU22 ................. £1.00 VP177 1 Pack assorted Hardware, nuts, bolts, etC.............0ccccceeeeeees £1.00 
VP2 300 Carbon Resistors, %-'% watt, pre-formed, mixed ................. £1.00 VP270 10 FET’s UHF/VHF Amplifiers, switching & choppers, data...... £1.00 VP178 5 Assorted Battery holders and clips PP3/9, AA/D, etc .......... £1.00 
VP4 = 200 ‘%-1 watt Resistors, mixed values and types ......................08 £1.00 VP271 10 FET’s general purpose like 2N3819-2N5457, data .................. £1.00 VP223A 6 Tag Boards, 18 way paxaline..................ccccccceessssseeeseseeeeees £1.00 
VP16 50 Wirewound Resistors, mixed watt values.................cc0cccc008 £1.00 VP272 10 MOS-FET’s Signetics, SD304 oo... cccccseeeeeeeeeneres £1.00 VP225 20 DIN Plugs, plastic 2-8 pin, 180°/240°/360° mixed ................. £2.50 
VP140 50 Precision Resistors, 1% tolerance ................csceseccceeeeseceseeene £1.00 VP280 12 ZTX300 NPN Silicon Transistors ...................c0cccscssssersesseees £1.00 VP226 20 DIN Chassis Skts, metal 2-8 pin 180°/240°/360° mixed ......... £2.50 
VP181 100 1 and 2 watt Resistors, assorted values .................ccccccceeeceeee £1.00 VP290 15 MPSAO6 Sil. Transistors. NPN 80v 500mA HFE50+ T092 £1.00 VP227 18 DIN In-line Skts, plastic 2-8 pin 180°/240°/360° mixed £2.50 
VP287 100 Close tolerance Resistors, .05-2%, 10-910 ohms, mixed .......... £1.50 VP428 10 AC128K PNP Germanium Transistor, 1A 32v................ £1.00 VP228 10 C15 Computer Cassette Tapes. leadless..................... £3.00 
VP288 100 Close tolerance Resistors, .05-2%, 1K-820K, mixed. ............... £1.50 VP429 10 AC176K NPN Germanium Transistors, 1A 32v .............. .- £1.00 VP232 1 Cassette Head Cleaner/Demagnetizer, in case ................... £2.00 
VP289 100 Metal oxide high stab. Resistors, %w 2%, mixed values......... £1.50 VP430 4 2N30655 Sil. Power Transistors, full spec .................ce0eeeeeeeee £2.00 VP233 1 Revolving Cassette Rack, holds 32, smokey perspex ........... £2.50 
VP431 25 PNP Sil. Transistors, TO-39 like 2N2905A.................cccceeeeeees £1.00 VP244 1 High Power Piezo Electric Siren. Emits earpiercing 
warbling sound. Ideal alarm. White plastic body with 
CAPACITORS mounting bracket. Power 12vDC 150mA. Output 100db (A) 
VP5 200 Assorted Capacitors, all types ................cccccccseseseseeceeseeseers £1.00 at Im typ. freq. 2.5KHz. Size: 57 x 42 x 37mm... eee £6.00 
VP6 200 Ceramic Capacitors, Min. mixed values .....................:ccc008 £1.00 1.C.S. VP260 1 9” x6” Elliptical 8 ohms 10W RMS Speaker. Freq. Res. 
VP9 100 Assorted Polyester/Polystyrene Capacitors ....................00005 £1.00 60-10000 Hz. Gauss 10000. Centre HF cone .................cces sees £4.50 
VP10 60 C280 Capacitors, metal foil, mixed values...................0..00. £1.00 VP40 40 TTLI.C.s all new gates - Flip Flop - MSI. Data.................. £4.00 VP260A 1 2%" Transducer Waterproof Speaker. Polyester film 
VPI - 50 Electrolytics, all SOrts:sissiciiecicgescciseess saciessetincavegeacoeee seesaneses £1.00 VP54 20 Assorted I.C. DIL Sockets, 8-40 pin... cece £2.50 diaphragm. Moisture res. 8 ohms 300mW Freq. Res. 
VP12 = 40: Electrolytics, 0.47mf-150mf, mixed volts ...............ccccccceeeeeeee £1.00 VP59 20 Assorted |.C.s linear, etc, all Coded ...............cccceceeeeccceeenees £2.00 SO O00 TAS: 6 site snascevucedoun Teron ewsianinevasvesesecaeoasavasoureenass tan £1.00 
VP13-30._ Electrolytics, 150mf-1000mf, mixed Volts..............ccccccceeeeeeees £1.00 VP209 We TAU icra de scsea ce cucoececteisuwawsSaasteswivedvacsaicsenszaertads vaupiites tee £2.00 VP273 10 10K Lin Rotary Potentiometers, slim spindle....................65 £1.00 
VP14 = 50 Silver Mica Caps, mixed values.................c.ccccccceeeeceeeeeeeeeeee £1.00 VP210 V2. TOUSIA 5 icisssicdegscpeadenacetstssavcnedscatecteataakromsaceecnatontiiieines £2.00 VP281 4 Plug-in Relays. Mixed volts, ete ...............cccccccecececceeeeeeeeaes £1.00 
VP15 25 .01/250v Min. Layer Metal Caps....................:cccseseeeeeeeeeeeeeeees £1.00 VPA11 NO COMODO UD ss css cecetpscal sedecessecasevsaneSvesiehans~ sa sastsanaviaassesseseeies £2.00 
VP180 25 Tantalum Bead Caps, assorted values....................ccceseccseeees £1.00 VP212 NO: COMOTGB savissieiscccs cassis scceivedsead scacedcadaccssdscatncdessvtancesccectene ao 
VP182 4: 1000uf 50v Electrolytics 200.000... ececcccsececesssreceesesseseeeeenee £1.00 VPZU4 10 -COQDBOD 6 isiessescivdssiessssccsescvsecesecivaseascasedvavtesssvateinsas ced 00 
VP192 30 Min. Electrolytics, mixed values, 0.47mf-1000mf 6/ 16v. .......... £1.00 VPZ1G. 90: FAAP BUI oiiicsccsciesccccscinavionssazeeisigsysauaiensctantictendsbevcvetevnncs £2.00 
VP193 6 Sub Min. Electrolytics, 2 x 1000/2200/3300mt 10/16v............... £1.00 | VP216 10 SE5TimersB pin oo... ecccseccssessssesssessssesssseeessseessseeccsverece £2.00 TOOLS 
VP223. 50 Asst 74 TTLI.C.s “ALL GATES” new and coded 
OPTOS QUE MI TMOG TAGS cis cvescsscnsisevsvecuvahesvosess desssvessaaessesasieace £6.00 VP95 1 Plastic Vice, small, with suction base................cccccceeeee seen £1.75 
VP224 100 Asst 74TTLI.C.s “ALL GATES” new and coded VP97 1 Logic Probe/Tester, supply 4.5v — 18v, DTL, TTL, CMOS........ £8.50 
VP24 10 .125” clear showing Red LEDS 0.0.0.0... eecceeceeceeeeseeeeeeeeees £1.00 OUR 1 TOOO- TAGS code os cscs is cactsatice said Sacineisecvesstandeaseassense £10.00 VP99 1 Universal Tester, with ceramic buzzer ...............ccccceecee eee £5.00 
VP25 10 Mixed shape and colour LEDS.....................cccccceeseceeeesseeeeees £1.00 | VP282 1 Prog. Sound Gen. Chip. AY-3-8912.........0....0.cccceeeceeeceeee es £3.00 VP103 1 6 pc Stanley screwdriver set, flat and crosspoint................. £3.50 
VP26. 15: Smiall.126° Red CEOS: saci scacs cadsck cotensscchscaestaneccinsesssveassetsseee £1.00 VP291 1 Z80ACPU Microprocessor. 40 pin DIL ..................ccceeeeeeeeees £2.00 VP139 1 Pick-up Tool, spring loaded...................cccccecsssseeseeeeaeee cess £1.75 
VP2Z7) «15'. Large::2" ROGUEDS iscsi sscsicessscsxcceaciaisinvasesss ides sagsinnwescatsanaeiws £1.00 VP292 1 Z80AP10 Parallel Interface Controller, 40 pin DIL................. £2.00 VP217 V Helping Hand acces icccisssicjeaececsarsopestsecarvasecsad covsgeprasnaxeceeyave £4.00 
VP28 10 Rectangular .2” Red LEDS. ............. ccc ccecceccceccseeeeeeeeeeeeees £1.00 VP293 1 Z80ACTC Counter Timer Circuit, 28 pin DIL ...................0.00 £2.00 VP218 1 Watchmakers Screwdriver Set, 6 pieces ................ceeeeee £1.75 
VP57. = 25 :~ Opto special pack. Assorted. Super Value....................cccse0ee £3.00 VP294 U ZESEUD GaN CRON 235 rece sesssseecaiscscthussnscactnencatsacctennvecterwenons £3.00 VP219 TL Minature Side: Cutters oc isscassisicciscsaisitersdsassoscviaeevarsieavntann £1.55 
VP130 6 RED7Seg. CC 14mm x 7.5mm RDP FND33 LED Display........ £2.00 VP295 1 6821P Peripheral Interface Adaptor (PIA). .................. cee £1.50 VP220 1 Miniature Bent-nose Pliers..................ccccceeecceeenteeeseeeeaeees £1.55 
VP131 4 GREEN7 Seg. CA .6” LDP XAN6520 LED Display ................... £2.00 VP296 6 LM324 14 pin DIL Quad Op-Amp..................ccccccceeeesseeeeeeees £2.00 VP221 1 Miniature Long-nose Pliers .............cc:ccseccceet eee DS 
VP133. «6 ~ RED Overflow .6” 3x CA 3x CC 6630/50 LED Display.............. £2.00 VP297 5 CA3130E MOS-FET I/P, CMOS O/P, Op-Amp .................605 £2.00 VP237 1 Universal Ni-Cad Battery Charger. AA-HP11-HP2-PP3......... £6.00 
VP134 5 GREEN Overflow .6” CA XAN6530 LED Display ..................... £2.00 VP238 3 MC1310P Stereo Decoder, 14 pin DIL ..............ccccceeeseeeeeeeee £2.00 VP238 4 AANi-Cad Batteries. 1.25v 500mAh C/R MA.................0065 £4.00 
VP138 20 Assorted LED Displays. Our mix, with data.................0.:.:0008 £5.00 VP299 3 CA3085 Pos. Volt. Regulator, 1.7v-46v, 8 pin TOS......0.......... £2.00 VP239 2 C?HP11 Ni-Cad Batteries. Rechargeable ..................:::c0e £3.50 
VP147—s- 1:—s«é~Pair Opto Coupled Modules..................cccccsecsseceeeceeeeeceeeeenes £0.60 VP400 1 271ZB TAK EDO aici ciebssisigssesssisadeisesicsstaessscessenseshe de odhense £2.50 VP240 2 D-HP2 Ni-Cad Batteries. Rechargeable ......................:008 £4.00 
VP199 4 LD7O7R LED Displays CA .............cccccceeccccesssseeeecenseeeeeeeeses £1.00 VP401 2 LM317T Adjst. Voltage Regulator, 1.5A.......0.......ccccceeerees £1.00 VP246 1 25w Quality Low Cost Soldering Iron. 240VAC ..................4. £3.50 
VP203 15 Triangular shape LEDs. Mixed colours ...................:csseeeeeeenes £1.00 VP402 T 2116 4K Static Rattan sciicssccciiissssscacsscssssecsvevseeriasverseaacnsassee £2.00 VP247 1 15w “Lightweight” Quality Low Cost Soldering Iron. 240vACE£3.50 
VP204 (10 Large Green LEDS; SIM sviscicisiiesscscavsietisarissssasaxsestesovivsasxesd £1.00 VP403 1 TA7204 Audio Amp |.C. 4.2w, 13v, 2-4 ohms .+ £1.00 VP248 1 High Suction Desoldering Pump. Teflon nozzle. Auto eject. 
VP205 10 Small Green LEDs, 3mm..... £1.00 VP404 1 TBA461 Audio Power Amp, 4.5w..................0006606 .. £1.50 Heavy duty return Spring. .........00...ccccccceeeseeeeceeeeeeeeeeeeeeenee £4 
VP206 10 Large Yellow LEDs, 5mm.... £1.00 VP432 8 CD4016B £2.00 VP250 1 Long Finger Grip. Soldering Aid. Heavy metal use. Serrated 
VP207 10 Small Yellow LEDS, 3mmM...............0.ccccccecceccceeeeeeeseeeeeeenaueaea £1.00 VP433 6 CD4017B £2.00 jaws with rev. Tweezer action. Ideal for holding small 
VP208 10 Large LEDs clear showing Red, .2” ..............cccccccceeccceeeeceeeees £1.50 VP434 =: 10: CD 40248 £2.00 components. Fully adjustable. ................ cc cccceeeeeeeeeeeeeeeeees £3.00 
VP241 2 ORP12 Light Dependent Resistor..................cccccccccceeseeeeeeeees £1.50 VP435 10 CD4028B £2.00 VP254 1 250 grams Etchant Granules (Ferric Chloride) makes 4 pint .£1.00 
VP242 = 4 Tri-colour LEDs. 5mm Dia. SMA 2VR.G.Y. ......... ccc eeeeeeeeeeeeee £1.00 VP7413 4 :«(7413 Dual Nand Schmitt Trigger, 4-input ................... cee £1.00 VP255 1 Etching Pen. Etch resistant. Spare tip. Blue..................08 £1.00 
VP243 93: Tri-colour LEDs. Rectangular 5mm R.G.Y.................cceeeeeeeee £1.00 VP7440 4 7440 Dual 4-input, Positive-Nand Buffer.......................c0008 £1.00 VP258 1 Multicore Solder. 5m total. 10 and 22 SWG............. secon £1.00 
VP266 10 Orange LED's, Sim large ..........ccecceceseeesseeseececesseaeeeeeeeennes £1.00 VP7470 = 4.:—« 7470 And-gated Positive-edge-triggered Flip-Flop VP259 1 PCB Holder. Fully adjustable from 0-320mm wide and to 
VP267 8 Stackable LED's. Rectangular, mixed, R.G.Y...................060 £1.00 WHEN TOS OU 5.55 inceescecessveseseceessseunscestasssauasdecercasvedececseecest £1.00 any angle. Complete with iron stand and sponge. 
VP268 15 LED Panel Mounting Clips, metal and plastic. 3-S5mm.. ..£1.00 VP7480 4 7480 Gated full Adder £1.00 Strong metal construction with rubber feet. 
VP269 2 Red Flashing LED's, 5mm .......... eee eceeeteeeeeeeeeeeeeeee ..£1.00 VP7481 4 7481 16-bit Random Access memories £1.00 Very Gi GUAUEY iissicccessceckascceec sa cceasteesyscaseteses toanecieseessss £15.00 
VP284 2 Opto-lsolator IL74-4N27, single.............c ce cceeececeeseeeeceeeenneee £1.00 VP7490 4 7490 Decade Counter £1.00 VP286 2 Etch Resist PCB Transfer Sheets. Asst. symbols/lines......... £1.00 
VP285 1 Dual Opton-Isolator ILD74 oo... ec cececeeeeeeceeeeeeeeeeeenenea £1.00 VP7491 4 7491 8-Bit Shift Register... eeeceettteeeeeeeeeeees £1.00 VP405 2 Steel Rules 1x 4”, 1x 10”, measuring ins and mm................ £1.00 
DES AND SCRS VP7492  —- 4._—«7492 Divide by 12 Counter... ccccccceeceeeeeeeeeeeeeeeeens £1.00 VP406 1 Junior Hacksaw & 3 blades + hobby knife & 2 blades........... ple 
° VP7493 —- 4-—«(7493.4-bit Binary Counter ......... cece ccceceeceeeeeeeeeesenens £1.00 VP407 1: 10 Piece Needle File Set. aii......cccsccsssesessssecssssansenssceresonvers : 
DIODE £1 VP7494 «= 4_-—«7494 4-bit Shift Register 00.0.0... eeeeeeeeeeteetaneees £1.00 VP408 1 4 Piece Stainless Steel Tweezer Set ....0.........cceeceeeseeeeees £4.00 
VP23_—- 30 Assorted volt Zeners. SOMW — 2W oo... sess secrecteeeesereneeeteeieey 00 VP7495 4 7495 4-bit Shift Register .........0..0.00ccccccccccssessessceeeeessenees £1.00 VP409 1 Set of 4 min. low cost Side & End Cutters, snipe & combination 
VP30 10 Assorted volt Zeners. 10W, COd@d..........--..cseesseerreesneecniee Abed VP74111 4 74111 Dual J-K Master Slave, Flip-Flop .....--...-s..scs.sc0s0s..--, £1.00 Pliers. 5” insul. handles.........cccssccsssssssessseccsvecesseceseeesseeesees £4.50 
VP31_ 10 SA SCRs TOG6, 50-400v, Coded «.....-...ss.sssseeeessssessesssesecrssssnees ‘ VP74141 4 74141 BCD — Decimal Decoder/Driver................0sccs00eesse £1.00 VP410 1: 18 Pc Hex Wrench Keys. AF sizes in wallet ............00c...0000.. £1.50 
VP32_ 20 3A SCR T066, up to 400v. UNCODEM..........-se-ssssesssseesresseseree trop | P7411 4 74151 1 of 8 Data Selectors/Multiplexers .......--...eccecren £1.00 VP411 1:16 Pc Hex Key Wrench Set. SAE and Metric................c000... £2.00 
VP33_ 100 Sil. Diodes like IN4148 oo. nosso eesssecessessseessseessersnees VP74153 4 74153 Dual 4 {ine to 1 line Data Selectors/Multiplexers ......... £1.00 VP412 ‘1. Crimping Pliers, Wire Strippers & Bolt Cutters ................... £1.00 
VP34 200 Sil. Diodes like 0A200/BAX13-16, 40v 200MA ..............-eesssee bed VP74164 4 74164 8-bit Parallel Output Serial Shitt Registers ................. £1.00 VP413—-.2._: IC Extraction Tools, jaw width 18 and 29mmM......-...ssssseesss £2.00 
VP35 50 1A. 1N4000 Diodes, all good, uncoded 50v min. ...................++ 1.00 VP74167 4 74167 Synchronous Decade Rate Multipliers...............0..0... £1.00 VP414 1 End Action Stripping Pliers. Adjustable jaws. ..................06 £1.00 
VP4S =. 30 Assorted Sil. Rectifiers. 1A-10A, mixed volts ..............:0006 £1.00 : mest ; 4 
: oe ; 00 VP74174 «4 -«74174 Hex D type Flip-Flops .......0.. oc ceceeseseeaseeeenees £1.00 VP415 1B” Grip Lockling PUES ii iciisssccsiscdarsesesccrcvasacseassoasaeacs cavers £3.00 
VP141 40 IN4002 Sil. Rectifiers. 1A 100v. preformed pitch..................... £1. VP74181 4 74181 Arithmetic Logic Units/Function Generators ............. £1.00 VP416 1-6” Long Nose Grip Locking Pliers ..........00:c..cssssssessssseeeessee £3.00 
VPU2 4 GA Power Rectifiers, silicon, TOS 300 FIV ...........00-.0-ecsoeerer £1.00 | P7493 4 74193 Synchronous Up/Down Dual Clock Counters. VP417 ‘1: 6” Adjustable Wrench. Forged alloy steel ...............cccse0e0000 £2.50 
VP143_ 5 BY187 12kv Sil. Diodes, in carriers, 2.5MA ............--.1esssessee £1.00 iain COMMON sce ccdsccbccnsssizeiacep a aniodansarteaccnsanRonGecses 00 VP418 —-'1_«8” Tin Snips. Hardened steel, spring joint .................c00.00.0 £2.00 
VP184 3. 4A 400v Triacs, plastic............... sessaecesscercssscesseecennecesssensnies £1.00 | yp74279 4 74279 Quad S-R Latches ‘00 VP419 2. “Chubby” Screwdrivers. Crosspoint No land2.................. £1.50 
VP187 10 SCRs 800MA, 200v. 2N5064, plastic, TOS2 0.0.2... sesserseessen £1.00 BPX6 1.“ TTL Data Book 74 Series, including “LS”. Complet”: with VP420 2: “Chubby” Screwdrivers. Flat blade 4.5 and6mm................ £1.50 
VP194 50 0A91 point contact germ. Diodes, uncoded ...................... £1.00 Pin out diagrams. 7400-74670. TT1 interchangeability guide. vP421 1 Screwdriver 400mm long, 6mm flat blade...............cccee £3.00 
VP195 50 0A47 gold bonded germ. Diodes, uncoded £1.00 Function selection guide and explanation of function tables. VP422 1 Screwdriver 400mm long, No 2 crosspoint................0000000 £3.00 
VP196 50 0A70-79 detector germ. Diodes............ £1.00 AMO MIAN ccchstasssnsreciecsvsdcesteatesesedeiavccaiostasigriessentatsueaieeues £1.00 VP423 1 Vernier Caliper-Crosshorns. Depth gauge. Vernier Cap. 
VP197 50 0A90 type germ. Diode, uncoded £1.00 | BPX5 1: IC5BE PROJECTS BOOK (TIMER). 167 pages. Over 50 project 4%"/110mm reading 1/128", 1/10MM......essesscesecsssseeeeseeeee £2.50 
Eee ae eer as rien: cole con BEL IROOVINY veasarores shin) sairieive ripe circuits to build and other information on IC555 Timers. Plus VP424 1. Helping Hand with Magnifier .............ccscssssssssssessseeeeeeeeee £4.50 
VP222 20 3A Stud Rectifiers. 50-400v Assorted..................-ss.-ssssscssssee £1.00 FREE with our compliments, 3 x IC 555 Timer, worth 80p. VP425 1 7Pchigh quality Screwdriver Set..........0.0:ccccceesesereesene £8.50 
lr ea ALY lace hp endl a a ce Popes “NO VAT". Special offer price jUSt ...........cccssssssssssssesseeeen £2.95 VP426 1-7 Pchigh quality Screwdriver Set 1000V..............0000000e00000 £12.50 
iA Li op sdb epee eae cc a £1.00 | gPx4 1: INTERNATIONAL TRANSISTOR EQUIVALENTS GUIDE, VP427 1. 6 Pe Cushion Grip Screwdriver Set ............0.000.0--0-000000000000 £4.00 
VP276 5 SCR s standard type, 5-16Amp to 400v CRRiRaNesUEeaesnaseuesanueawerees £1.00 Babani Publishing's latest edition BP85, plus FREE with our 
VP277 4 Triacs 2Amp 400v T0-39 steseeeececeeeeeereneeiseeeseeeeaeecenenenaeousees £1.00 compliments, 10 popular Silicon Transistors, worth £1.00. 
VP278 4 6Amp 1000v plastic Silicon Rectifiers 0.00.0... ccccceeeeseeeees £1.00 “NO VAT". Special offer price jUSt ........cc.ccccccccceseeseen. £3.50 
VP283) = 55 ~ Diac BR100, triac trigger...............ccccessesseerseessseeeseeetereeeresees £1.00 ee ge SE ee Wee ge ee LEADS 
TRANSISTORS 
VP38 100 Sil. Trans. NPN plastic, coded, with data..............0ccccesee £3.00 MISC. VP300 —- 1: 10m Speaker Lead 2 pin DIN Plug to 2 pin DIN Skt............... £1.00 
VP39 100 Sil. Trans. PNP plastic, coded, with data...................ccccceeee £3.00 VP301 1 2mVideo Lead Coaxial Skt to Coaxial Skt +2 adaptors......... £1.20 
VP47 = 10: Sil. Power Trans. similar 2N3065, uncoded...............0.::s00e0 £1.00 VP17 50 Metres PVC single strand Wire, mixed colours ................... £1.00 VP302 1 3m 4 core cable indv. screened 5 pin DIN Plug-5 pin DIN Plug£1.80 
VP48 5 Pairs NPN/PNP plastic Power Trans. 4A, data ................0006 £1.00 VP18 30 Metres PVC multi strand Wire, mixed colours .................6 £1.00 VP303 1 TV Ext. Lead. Coax plug to Coax Plug. White................0066 £1.00 
VP50 60 NPN Sil. Switching Trans. T0-18 and T0-92..............0...:cee £1.00 VP19 40 Metres PVC single/ multi strand Wire, mixed colours .......... £1.00 VP304 1 1.5m 4 core indv. screen. 5 pin DIN Plug — tinned open end..£1.00 
VP51 60 PNP Sil. Switching Trans. TO-18 and T0-92 ...............c sees £1.00 VP22 200 Sq. Inches total copper clad board ................c:cccccccecseeeseees £1.00 VP305 1 1.5m cable 5 pin DIN Plug — 3.5mm Jack Plug. 
VP60 100 Allsorts Transistors, NPN/PNP ............::ccssseeeeseeeerereenee £1.00 VP23 10 40mm track slider pots 100K Lin... cccceeeeeeseeseeseeeeees £1.00 Pint & 4. Cone Ct estes cccsedsvacsevvststercena sites ss scaaebstsnevesiatacts £1.00 
VP150 20 BC183B Sil. Trans. NPN 30v 200mA Hfe240+ T092...............04. £1.00 VvP42 10 Black heatsinks, fit TO3 and T0220, drilled .................000000 £1.00 VP306 1 2m Typewriter/ Calculator Lead. 3 pin Plug, angled European 
VP151 25 BC171B Sil. Trans. NPN 45v 100mA Hfe240+ T092................4. £1.00 VP43 4 Power-fin heatsinks, 2 x TO3, 2X TO66 00... eeceeeeteeeeeeeee £1.00 IEG COonfiguiratiOnisascscccicscecestis cccderssidntecans czesusivenosrvsatanstoty £2.00 
VP152 15 TIS90 Sil. Trans. NPN 40v 400mA Hfe100 + T092................008 £1.00 VP44 15 Assorted heatsinks, T01/3/5/18/220 ..0..........ccccccccceesseeeees £1.00 VP307 1 60cm Patch Lead. PL259 Plug to PL259 Plug ..............ceeeee £1.00 
VP153 15 TIS91 Sil. Trans. PNP 40v 400mA Hfe100 + T092...........c eee £1.00 VP56 100 Semiconductors from around the world, mixed.......:.......... £4.00 VP308 1 1.2m Patch Lead. PL259 Plug to PL259 Plug... £1.50 
VP154 15 MPSAS6 Sil. Trans. PNP 80v 800mA Hfe50+ T082.................. £1.00 VvP82 1 Elsctronic Buzzde, 90, 20MA ........s.crsscssesesssorsessosenssonesssesns £0.95 VP309 1 1.2m Lead 4 Phono Plugs to 4 Phono Plugs ................:0:s00 £1.50 
VP155 20 BFS95 Sil. Trans. NPN eqvt BF184 H.F. T092....... eee £1.00 VP83 1 Electronic Buzzer, 6v, 25MA...............c.ccsssssccsssserseeeseeescees £0.95 VP310 1 20cm Lead 2 x 2 pin DIN Plug to Stereo Inline Jack Skt......... £1.00 
VP156 20 BF495 Sil. Trans. NPN eqvt BG173 H.F. T0820... eee eeeeeee £1.00 VP84 1 Electronic Buzzer, 9v, 25MA....... £0.95 VP311 1 2m Lead Scart Plug to 5 pin DIN Plug & 2 BNC Plugg............ £6.00 
VP157 15 ZTX500 series Sil. Trans. PNP plastic................:ccceseeeneees £1.00 VP85 1 Electronic Buzzer, 12v, 23MA £0.95 VP312 1 1.2m Video Lead. BNC Plug to Phono Plug..............::cccccee £1.50 
VP158 15 ZTX107 Sil. Trans. NPN eqvt BC107 plastic...............ceeeeees £1.00 VP86 1 TECASBOTY Components Pack, semiconductors, VP313 1 3m Headphone Lead. 3.5mm Jack Plug to 3.5mm Jack Skt. .£1.00 
VP159 +15 ZTX108 Sil. Trans. NPN eqvt BC108 plastic................ ce £1.00 COPS; WHO: O06 ssckscsdackassacesarnet stun siteueees sarisaerreotncneae £8.00 VP314 1. 2m Coax Lead BNC Plug to BNC Plug. 75 ohms.................. £3.00 
VP161 25 BC183L Sil. Trans. NPN 30v 200MA TO92........... eee eceeeeeteees £1.00 VP87 1 Telephone pick-up coil with 3.5mm jack plug ................... £1.25 VP315 1 2m Coax Lead BNC Plug to UHF Plug. 75 ohms ................555 £3.00 
VP162 5 SJE5451 Sil. Power Trans. NPN 80v 4A Hfe20+ «0.0.0... ee £1.00 VP8B 1 Pillow Speaker with 3.5mm jack plug... eee £1.45 
VP163 2 NPN/PNP pairs Sil. Power Trans. like SJES451...................... £1.00 VP107 1 Piezo Buzzer, miniature, 12V...........0.:.ccccccccsssssseeesenersseees £1.25 
VP164 4 2N6289 Sil. Power Trans. NPN pede © siaticcevnnes to VP108 1 Piezo Buzzer, ee: QA i scib de saci Fee Wessiiaaseinnsendaiaaee 3 = 
VP165 6 BFT33 NPN Sil. Trans. 80v 5A Hfe50-200 T039.............. ee A VP113 1 Coax Antenna Switch, 2 way.......... ccc cceccteeeeeeeeeeeeneees - 
VP166 5 BFT34NPN Sil. Trans. 100v 5A Hfe50-200 T0329... .esceeee £1.00 | VP114 — 1. Coax Antenna Switch, 3 WaY........cs.cessssscssssssecssessseesseeen £4.75 TELEPHONE ACCESSORIES 
VP167_ 1 BUY69C NPN Trans. TO3 VCB 500, 10A, 100w, HfelS+............ £1.00 VP115 1 High Pass Filter/Suppressor CB/TV ................:cccccceceeeeeeees £0.50 
VP168 10 BC478 eqvt BCY71 PNP Sil. Trans. TO18 ...............sseseseeneees £1.00 VP116 1 Low Pass Filter, VHS/TV Band ..........c.cccccccccescesseneeeetenes £3.00 VP316 1 5m Telephone Ext. Lead. Plug to Socket ..........::ecceceseeeees £4.50 
VP169 10 BX521 eqvt BC394 NPN Sil. Trans. 80v 50mA TO18 ................. £1.00 VP122 1 Precision Morse Key, fully adjustable ...................cccc0c00 £1.85 VP317 1 10m Telephone Ext. Lead. Plug to Socket.............. seaecastlac £6.00 
VP170 10 Assorted Power Trans. NPN/PNP coded and data................. £1.00 VP144 4 100K Lin multi turn Pots, ideal vari cap tuning..................... £1.00 VP318 1 3m Line Jack Cord. BT 4 way Plug to 4 Spade Terminals ...... £1.75 
VP171 10 BF3S5 NPN TO-39 Sil. Trans. eqvt BF258 225v 100mA .............. £1.00 VP145 10 Assorted Pots, inc, dual and switched types ....................- £1.00 VP319 1 Double Adaptor. One IDC plug, 2 socket.............:ccccceeee £3.50 
VP172, 10 SM1502 PNP TO-39 Sil. Trans. 100v 100mA Hfe100+............... £1.00 VP148 30 Presets, horizontal and vertical, mixed values ................0... £1.00 VP320 1 IDC Telephone Plug 4 Way...............cccsesseeeeseeees sssssaasenes £0.50 
VP200 30 OC71 type germ. AF Transistors, uncoded..............:sseeee £1.00 VP174 5 DIL Switches, 1 and 2 way slide, 6 way SPST, assorted ........ £1.00 VP321 1 Telephone Master Socket Surface Box. Screw terminals. ....£3.50 
VP201 25 OC45 germ. RF Transistors ...............ccccccceeceeeeeeeeseesenenaeneees £1.00 VP176 30 Fuses, 20mm and 1%" glass, assorted values.................00 £1.00 VP322 1 Telephone Slave Socket Surface Box. Screw terminals ....... £2.25 
MINIATURE CARBON FILM RESISTORS % & % WATT 5%. VOLTAGE REGULATORS VPS30 REGULATED VARIABLE STABILISED POWER SUPPLY MODULE 
Resistance values from 1 ohm - 10 meg ohms. Available in lots of 100 pieces per Pos. 1 Amp 7805-12-15-18-24 .........cccccccccsseseeseeerecsees 35p each This versatile regulated variable stabilised power supply with short circuit 
value. To order state R100 % watt or R200 4 watt, plus resistance required, eg, Neg. 1 Amp 7905-12- 15-18-24 ...........ccccesseceseceeseeeeeeers 40p each protection and current limiting is a must for all electronics enthusiasts. It 
R100 1K = % watt 1K. BI-PAK price per 100 pieces R100 £1.00 per pk. Pos. 100MA 78L05-12- 15-18-24. ........cccccccecscssesecsteeeees 28p each incorporates adjustable voltage from 2v — 30v with a current limiting range of 0-2A. 
R200 £1.30 per pk. Neg. 100MA 79LO5- 12-18-24 .........cccccecsccsseseessecneenees 3p each AC input max. 25v. Dimensions 110 x 75 x 25mm. Price each £8.50 


Use your credit card. Ring us on 0763 48851 NOW 
and get your order even faster. Goods normally 
sent 2nd Class Mail. 

Remember you must add VAT at 15% to your order. 
Total Postage add £1.50 per Total order 


Send your ordersto Bl PAK DEPTEE PO BOX 33ROYS 

TERMS CASH WIT DER PERSONAL CHEQUE ACCESS AND 
| BARC 5 SAME DAY DESPATI 

TEL C763 04 2 ( 1h VAT 

REMEMBER YOU MUST ADD {150P&P AND 15 \VATTOTOTALORDER 
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NEW THIS MONTH 


‘JIMMY’ 

Exciting electronic football game orig- 
inally sold for £19.95, but this price in- 
cluded plastic grandstand, stickers, etc. 
We can supply the 420x93mm neatly 
cased electronics comprising keypad 
either end, 14x5mm_ red LED's 
(‘players’), TMS1000 chip programmed 
to make odd noises whilst playing and 
a tune when a goal is scored, also 
2x7seg LED's to keep score. Cardboard 
‘pitch’ plus instructions supplied. £5.00 


wINTER SALE LIST 
A 16 page supplement combining Bar- 
gain Lists 33-35 plus the 50% off 
supplement, with prices further reduced 
to 66% off!! It's FREE—send large SAE 
for your copy now! 


COMPASSES 

Z314 Precision spring bow 88mm 
long. Max dia 70mm. Replaceable 
pencil lead and steel tip. £1.00 


VC1400 VIDEO COMPUTER. 

2816 Games machine that used cartridges 
(none available). Main console contains 
UHF modulator + various chips. PSU has 
mains input, 15V 0.16A and 8V 1.22A 
output. 2 hand held controllers each with 
joystick and 14 button keypad. All in 
original box. Note: These are returns, and 
may be faulty. £12.50 


FUSED SUPPRESSOR 

2003 Potted unit 60 x 45 x 30 has screw 
term i/p for mains, 20mm fuseholder & 
o/p tags for appliance 99p 
‘*VIEWDATA LTU 

Z697 Interface Panel 166x150 with 
3 x LM324, LM339, LM393, 4066, 11 
transistors, 3 reed relays, etc. 3m lead 
with BT plug attached. Supplied with 
comprehensive data and ccts. £2.90 
REED SWITCHES 

K569 A selection of about 15 types from 
12 to 50mm long, mostly form A, few 


































































form C. Pack of 30 £2.75 
Z797_ Min 15.3mm long. 20/£1.50; 
100/£6; 250/£12 


2798 Large 50.8mm long 10/£1.50; 
25/£3; 100/£10 
2799 Changeover 40mm long. 5/£1.50; 
25/£6; 100/£20 
TOOLS 
Scoop purchase of high quality surgical 
instruments ideal for electronics use. 
2308 5” lightweight long nose pliers 99p 
2309 5%” as above but with ratchet. This 
enables pliers to be locked together — for 
holding small components, or as heat 
shunts etc. £1.20 


Other types on Bargain List 36 


ENTERPRISE PANELS 

2658 PCB 325x158 with 64K of RAM 
(8 x 4864). Z80A microprocessor, 21 other 
chips, UHF modulator, speaker etc. ROM and 
Nick and/or Dave chips missing, supplied 
with cct and data £8.00 
























2004 Skeleton Joystick, switch type. Good 
quality, made by AB. Brass spindle has 44mm 
long black plastic handle attached. Body has 
4 mounting holes. These really are a fantastic 
bargain!! 


SWITCHED MODE PSU 

Astec type AA7271. PCB 50 x 50mm has 6 
transistor cct providing current overload 
protection, thermal cut-out and excellent 
filtering. Input 8-24V DC. Output 5V 2A. 
Regulation 0.2% £5.00 





GREENWELD 


ELECTRONIC 
COMPONENTS 







































All prices include VAT; just add £1.00 P&P 
Min Access order £5. Official 
orders from schools etc. 

welcome — min invoice charge £10. 
Our shop has enormous stock of components and is open 
9-5.30 Mon-Sat. Come and see us!!! 

Send S.A.E. for latest Bargain List 


443D Millbrook Road, Southampton 
SO1 OHX. Tel. (0703) 772501/783740 


OUT NOW - 88 pages of bargains from 
resistors to disco mixers. Price includes 
latest bargain list, discount vouchers, 
order form. Don’t be without your copy 
— send £1.00 now! 


Z810 KEYBOARD.Really smart alpha 
numeric standatd qwerty keyboard with 
seperate numeric keypad, from ICL’s ‘One 
Per Desk’. Nicely laid out keys with good 
tactile feel. Not encoded — matrix output 
from PCB taken to 20 way ribbon cable. 
Made by Alps. Size 333x 106mm. 73 
keys. £8.95 


SPEAKERS 
Z578 Sub-min speaker 30x30x3mm 
thick by Fuji. 16R 0.4W, 60p each; 10 
£3.70; 25 £7; 100 £22; 1000 £180. 2575 
70x45mm 45R 0.5W 55p each; 10 £3.30; 
25 £6; 100 £20. 


SOLDER 
500g reels resin cored, 18g............ £5.95 
500g reels resin cored 22g............. £7.95 
LOGIC PROBE 


For TTL, CMOS etc. LED and sound indi- 
cation. Pulse enlargement capability al- 
lows pulse direction down to 25nsec. 
Max f=20 MHz 4-16V. I/P Z:1M.....£9.99 


SOLDER SPECIAL!! 


* 15W 240V ac soldering iron 
* High power desolder pump 
* Large tube solder 


ALL FOR 


£7.95 


2620 68000 Panel. PCB 190 x 45 believed 
to be from ICL’s ‘One per Desk’ computer 
containing MC68008P8 (8MHz 16/8 bit 
microprocessor, + 4 ROMs, all in skts; 










~ TMP5220CNL, 74HCT245, 138, LS08, 38 


etc. £5.00 
2625 32k Memory Board. PCB 170 x 170 
with 16 2k x8 6116 static RAMs. Also 
3.6V 100 mA memopack nicad, 13 other 
HC/LS devices, 96w edge plug, 8 way 
DIL switch, Rs, Cs etc. £4.80 


SOLAR CELLS 

Giant size, 90mm dia giving 0.45V 
1.1A output. £4 each; 10+ £3.50. 
Mega size — 300x300mm. These 
incorporate a glass screen and 
backing panel, with wires attached. 
12V 200mA output. Ideal for charging 
nicads. _ £24.00 
Z662 

COIN ACCEPTOR MECHANISM 
Made by Coin Controls this will 
accept various size coins by simple 
adjustment of 4 screws. Incorporates 
various security features — magnet, 
bent coin rejector etc. Microswitch 


_rated 5A 240V. Front panel 115 x 64, 
ys 130mm. Cost £10.85. Our price 
4.00. 


Z811 Cumana Touch Pad for the BBC 
Computer. This remarkable add-on 
enables you to draw on the screen using a 
stylus with the touch sensitive pad. 
Supplied with 2 stylii, power/data 
connecting lead & demo tape with 4 
progs. Contains state of the art 
electronics. Originally being sold at 
£79.95, later reduced to £49.95 — but we 
can offer a limited quantity of these brand 
new and boxed for just £19.95 
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AIMVIPLIFIERS FROM 


= I IMIEG 


The UK Distributor for the 
complete ILP Audio Range 






BIPOLAR AND MOSFET MODULES 
The unique range of encapsulated amplifier modules 


with integral heatsink. 

HY30 15W Bipolar amp. £11.30 HY248 120W Bipolar amp (8ohm) £24.15 
HY60 30W Bipolar amp £11.30 HY364180W Bipolar amp (4ohm) £36.00 
HY6060 30W Stereo Bipolar amp £23.65 HY368180W Bipolar amp (8ohm) £37.55 
HY124 6OW Bipolar amp (4ohm) £18.50 MOS128 60W Mosfet amp £40.70 
HY128 6OW Bipolar amp (8ohm) £18.50 MOS248 120W Mosfet amp £46.35 
HY 244 120W Bipolar amp (4ohm) £24.15 MOS364 180W Mosfet amp £75.75 


POWER SUPPLIES 
Comprising toroidal transformer and DC board to 
power the ILP amplifier modules. 















Application PSU532 MOS128 (2) £25.40 
PSU30 -Pre-amplifier £9.75 PSU542 HY248 £25.40 
PSU212 1 or 2 HY30 £17.70 PSU552 MOS248 £27.45 
PSU412 HY6060, HY124, lor2 HY60£19.95 PSU712 HY244 (2) £29.20 
PSU422 HY128 £22.00 PSU722 HY248 (2) £30.20 
PSU432 MOS128 £23.00 PSU732 HY364 £30.20 
PSU512 HY244, HY128 (2) £24.40 PSU742 HY368 £32.20 
PSU522 HY124 (2) £24.40 PSU752 MOS364,MOS248 (2) £32.20 





PRE-AMP and MIXER MODULES 

These encapsulated modules are supplied with 
in-line connectors but require potentiometers, 
switches etc. Individual data sheets on request. 
















HY6 Mono pre-amp with bass &treble £ 9.25 
HY7 Mono mixer 8 channel £ 8.75 
HY8 Stereo moxer 5 channel £ 8.75 
HY9 Stereo pre-amp £ 9.30 
HY11 Mono mixer 5 channel with bass & treble £ 9.75 
HY12 Mono pre-amp 4 channel with bass, mid & treble £ 9.30 
HY13 Mono VU meter driver £ 8.75 
HY66 Stereo pre-amp with bass & treble £15.00 
HY67 Stereo headphone driver £16.60 
HY68 Stereo mixer 10 channel £11.30 
HY69 Mono pre-amp 2 channel with bass & treble £15.40 
HY71 Dual pre-amp £14.95 





HY73 Guitar pre-amp with bass & treble £15.00 
HY74 Stereo mixer 5 channel with bass & trebl> ; £15.95 
HY75 Stereo pre-amp with bass, mid & treble £15.40 
HY76 Stereo switch matrix £19.50 
HY77 Stereo VU meter driver £14.35 












HY78 Stereo pre-amp £14.70 
HY83 Guitar pre-amp with special effects £18.95 
B6 Mounting board £ 1.15 
B66 Mounting board £1.75 
LOUDSPEAKERS 

312B  350W 12” Bass loudspeaker £78.65 
312WB 200W 12” Wideband bass loudspeaker £78.65 





POWER SLAVES 
These cased amplifiers are supplied assembled and 
tested in 60 and 120 watt Bipolar or Mosfet versions. 


US12 60 watt Bipolar (4ohm) £75.00 US32 60 watt Mosfet £99.95 
US22 120 watt Bipolar (4ohm) £83.75 US42 120 watt Mosfet £108.35 


ao 


Quantity prices available on request 
Write or phone for free Data Pack 







Prices include VAT and carriage 











Jaytee Electronic Services 
143 Reculver Road, Beltinge, Herne Bay, Kent CT6 6PL 


Telephone: (0227) 375254 Fax: 0227 365104 
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Full Kits inc. PCBs, or veroboard, hard- 
ware, electronics, cases (unless 
stated). Less batteries. 

lf you do not have the issue of EE 
which includes the project—you will 
need to order the instruction reprint 
as an extra—80p each. Reprints avail- 
able separately 80p each plus p&p £1. 





EE PROJECT KITS MAGENTA 


THIS MONTH'S KITS (sae or ‘phone for prices) 


VARIABLE 25V-2A 

BENCH POWER SUPPLY Feb 88 £49.73 
CAR LAMP CHECKING SYST. Feb 88 £7.10 
GAME TIMER Feb 88 £14.32 
QUIZMASTER Jan 88 £18.96 
CAPACITANCE METER Jan 88 £29.35 
TRANSISTOR CURVE TRACER (BBC) £14.98 
CONTINUITY TESTER Jan 88 £9.67 
AUDIO SIGNAL GENERATOR Dec 87 £12.99 
DUAL MAINS LIGHTS FLASHER Dec 87 £19.98 
ACCENTED BEAT METRONOME Nov87 _— £19.95 


ACOUSTIC PROBE Nov 87 (less bolt & probe) £15.49 


BBC SIDEWAYS RAM/ROM Nov 87 £26.22 
VIDEO CONTROLLER Oct 87 £27.75 
TRANSTEST Oct 87 £9.24 
AUTOMATIC PORCH LIGHT Oct 87 £16.35 
CARAVAN FRIDGE ALERT Oct 87 £5.18 
STATIC MONITOR Oct 87 £8.25 
ELECTRONIC MULTIMETER Sept 87 £44.72 
NOISE GATE Sept 87 £22.14 
PERSONAL STEREO AMP Sept 87 £13.63 
CAR OVERHEATING ALARM Sept 87 £8.21 


BURST-FIRE MAINS CONTROLLER Sept 87 £12.91 


SUPER SOUND ADAPTOR Aug 87 £36.56 
IMMERSION HEATER TIMER Aug 87 £17.99 
3 BAND 1.6-30MHz RADIO Aug 87 £25.27 


BUCCANEER |.B. METAL DETECTOR inc. coils and 
case, less handle and hardware July 87. £25.19 
DIGITAL COUNTER/FREQ METER (10MHz) inc. 


case July 87 ° £67.07 
MONOMIX July 87 £20.00 
FERMOSTAT July 87 £11.56 
VISUAL GUITAR TUNER Jun 87 £21.99 
MINI DISCO LIGHT Jun 87 £11.99 


WINDSCREEN WASHER WARNING May 87 £4.88 
FRIDGE ALARM May 87 £9.41 
EQUALIZER (IONISER) May 87 £14.79 


BULB LIFE EXTENDER April 87 (less case) £4.99 


EXP. SPEECH RECOGNITION April 87 £19.98 
COMPUTER BUFFER INTERFACE Mar 87 £11.96 
ACTIVE 1/R BURGLAR ALARM Mar 87 =—s_ £33.95 
VIDEO GUARD Feb 87 £7.99 
MINI-AMP Feb 87 £14.99 
CAR VOLTAGE MONITOR Feb 87 £11.98 


SPECTRUM SPEECH SYNTH. (no case) Feb 
87 £19.92 
SPECTRUM 1/0 PORT less case. Feb 87 £8.99 
STEPPING MOTOR BOOSTER (for above) Feb 
87 £5.19 
STEPPING MOTOR MD200 Feb 87 £16.80 
HANDS-OFF INTERCOM (per station) inc. case Jan 


87 £9.99 
CAR ALARM Dec 86 £10.97 
DUAL READING THERMOMETER (less case) Dec 
86 £39.98 


RANDOM NUMBER GENERATOR Dec 86 £14.97 
8 CHANNEL A-D (SPECTRUM) CONVERTER Dec 


VOLTAGE REGULATOR Sept 85 £7.46 
PERSONAL STEREO P.S.U. Sept 85 £9.89 
R.1.A.A. PRE-AMP Sept 85 £15.94 
FRIDGE ALARM Sept 85 £7.50 


LOW COST POWER SUPPLY UNIT Aug 85 £18.39 
TRI-STATE THERMOMETER (Batt) Aug 85 £6.66 
TREMOLO/VIBRATO Aug 85 £37.92 
STEPPER MOTOR INTERFACE FOR THE BBC 


COMPUTER less case Aug 85 £13.99 
1D35 STEPPER MOTOR EXTRA £14.50 
OPTIONAL POWER SUPPLY PARTS £5.14 
CONTINUITY TESTER July 85 £5.90 
TRAIN SIGNAL CONTROLLER July 85 £9.66 
AMSTRAD USER PORT July 85 £16.83 
ACROSS THE RIVER June 85 £19.77 
ELECTRONIC DOORBELL June 85 £7.20 
GRAPHIC EQUALISER June 85 £25.66 
AUTO PHASE May 85 £17.98 
INSULATION TESTER Apr 85 £18.65 
LOAD SIMPLIFIER Feb 85 £18.68 
GAMES TIMER Jan 85 £8.39 
SPECTRUM AMPLIFIER Jan 85 £6.58 
TV AERIAL PRE-AMP Dec 84 £14.83 
Optional PSU 12V £2.44 240V £11.83 
DOOR CHIME Dec 84 £17.89 
BBC MICRO AUDIO STORAGE SCOPE INTERFACE 
Nov 84 £34.52 
PROXIMITY ALARM Nov 84 £21.58 
MAINS CABLE DETECTOR Oct 84 £5.27 


MICRO MEMORY SYNTHESISER Oct 84 £57.57 
DRILL SPEED CONTROLLER Oct 84 £8.27 
GUITAR HEAD PHONE AMPLIFIER Sept 84 £7.66 
SOUND OPERATED FLASH less lead Sept 84 £6.98 
TEMPERATURE INTERFACE FOR BBC Aug 


84 £23.64 
CAR RADIO BOOSTER Aug 84 £16.64 
CAR LIGHTS WARNING July 84 £9.58 
VARICAP AM RADIO May 84 £12.52 


EXPERIMENTAL POWER SUPPLY May 84 £22.46 
SIMPLE LOOP BURGLAR ALARM May 84 £16.34 


MASTERMIND TIMER May 84. £6.52 
FUSE/DIODE CHECKER Apr 84 £4.14 
QUASI! STEREO ADAPTOR Apr 84 £13.08 
NI-CAD BATTERY CHARGER Mar 84 £11.82 
REVERSING BLEEPER Mar 84 £8.14 
PIPE FINDER Mar 84 £4.32 
SIGNAL TRACER Feb 84 £17.88 
CAR LIGHT WARNING Feb 84 £4.51 
BIOLOGICAL AMPLIFIER Jan 84 £22.99 
CONTINUITY TESTER Dec 83 £11.99 
CHILDREN’S DISCO LIGHTS Dec 83 £8.42 
NOVEL EGG TIMER Dec 83 inc. case £12.29 


SPEECH SYNTHESIZER FOR THE BBC MICRO Nov 
83 less cable + sockets £26.38 
HOME INTERCOM less link wire Oct 83 £17.26 
STORAGE ‘SCOPE INTERFACE FOR BBC MICRO 
Aug 83 less software £18.42 





86 £34.29 HIGH POWER INTERFACE BOARD Aug 83 no 
BBC 16K SIDEWAYS RAM Dec 86 £12.35 case £12.45 
MODEM TONE DECODER Nov 86 £18.99 USER PORT 1/0 BOARD less cable + plug £12.59 
OPTICALLY ISOLATED SWITCH Nov 86 £11.99 USER PORT CONTROL BOARD July 83 less cable + 
CAR FLASHER WARNING Nov 86 £7.92 pg ae ne £30. 6 
ess case, May ; 
TD WATT AUDID AMPLIFIER Oct 20 £34.95 MOISTURE DETECTOR May 83 £6.55 
LIGHT RIDER LAPEL BADGE Oct 86 £9.71 NOVELTY EGG TIMER April 83 less case £6.58 
LIGHT RIDER DISCO VERSION £18.69 | BUZZ OFF March 83 ‘ caer 
LIGHT RIDER 16 LED VERSION £12.99 be alg are vk > £ bell 
SCRATCH BLANKER Sept 86 £53.17 WAY INTERCOM July 82 no case £5.42 
INFRA-RED BEAM ALARM Sept 86 6 Seo Pepe 
RR «ATS SEAT GELT REMINDER aiid? £4.92 
CAR TIMER Sept 86 
EGG TIMER June 82 £6.53 
so ag asa fege CAR LED VOLTMETER less case. May 82 £3.81 
y ‘sq__-V.C.0. SOUND EFFECTS UNIT Apr 82 £15.25 
HEADPHONE MIXER July 86 £27.63 CAMERA OR FLASH GUN TRIGGER Mar 
CARAVAN BATTERY MONITOR July 86 £16.35 CAMERA OR FI firs 
SQUEEKIE CONTINUITY TESTER July 86 £3.35 ff se 1vPo0 bus a pee 
ELECTRONIC SCARECROW July 86 £8.45 SIMPLE INFRA RED REMOTE CONTROL Nov 
measies tae ta 
une i 
LIGHT PEN (less case) June 86 £5.80 TABE utiae Uintee — ye 
PERSONAL RADIO June 86 C1090 scans Amo TAs GAME: ei ee 
rel pond pl non PHOTO FLASH SLAVE Oct 81 £4.56 
‘IT £yzz BOX Oct 81 £9.57 
PA AMPLIFIER May 86 £24.95 soi MOISTURE UNIT Oct 81 £7.66 
LOGIC SWITCH May 86 Bean 0-12V POWER SUPPLY Sept 81 £23.38 
STEREO REVERB Apr 86 5. SOIL MOISTURE INDICATOR E.E. May 81 £5.39 
dle sy ea 86 pie PHONE BELL REPEATER/BABY ALARM May 
pr : 81 £7.38 
STEPPER MOTOR DRIVER Apr 86 £4.83 MODULATED TONE DOORBELL Mar 81 £8.82 
BBC MIDI cole hing 86 rb 2 NOTE DOOR CHIME Dec 80 £13.62 
INTERVAL T ar . LIVE WIRE GAME Dec 80 £15.44 
STEREO HI-Fi PRE-AMP £46.85 GUITAR PRACTICE AMPLIFIER Nov 80 £14.10 less 
MAINS TESTER & FUSE FINDER Mar 86 £8.40 case. Standard case extra £5.98 
ended eles aig 3 SOUND TO LIGHT Nov. 80 3 channel pe 
SPRING LINE REVERB UNIT Jan 80 £32. 
TOUCH CONTROLLER Feb 86 £12.25 UNIBOARD BURGLAR ALARM Dec 79 £7.98 
SPECTRUM OUTPUT PORT Feb 86 ‘£10.72 DARKROOM TIMER July 79 £3.84 
TACHOMETER Jan 86 _ £24.57 MICROCHIME DOORBELL Feb 79 £20.98 
ONE CHIP ALARM Jan SOUND TO LIGHT Sept 78 £10. 
MUSICAL DOOR BELL Jan 86 £17.83 IN SITU TRANSISTOR TESTER Jun 78 «£9.00 
TTL LOGIC PROBE Dec 85 £9.45 WEIRD SOUND EFFECTS GENERATOR Mar 
DIGITAL CAPACITANCE METER Dec 85 £39.57 78 £7.44 
SOLDERING IRON CONTROLLER Oct 85 £5.21. ELECTRONIC DICE Mar 77 £5.97 
TOOLS 
ANTEXMODELCIRON — £6.98 LOWCOST PLIERS £1.98 DIGITAL £39.98 
ANTEX X5 SOLDERING LOW COST CUTTERS £1.99 DESOLDER PUMP £5.48 
IRON 25W £7.25 BENT NOSE PLIERS £1.89 SIGNALINJECTOR £2.98 
ST4STANDFORIRONS £2.85 ~—s MINI DRILL 12V (MD1) £838 CIRCUIT TESTER Tp 
HEAT SINK TWEEZERS 4p  MULTIMETER TYPE 1 1000opv £6.98 HELPING HANDS JIG & 
SOLDER HANDY SIZE5 £1.39 MULTIMETER TYPE220,000opv£17.98 MAGNIFIER £7.98 
SOLDER CARTON £2.50  MULTIMETER TYPE 330,000opv£27.98 MINIATURE VICE (PLASTIC) £1.85 
SOLDER REEL SIZE 10 £4.67 MULTIMETER TYPE 4 10M 





UNIVERSAL LCR BRIDGE Nov 85 
DIODE/TRANSISTOR TESTER Dec 85 £18.89 
USEFUL AUDIO SIGNAL TRACER 
Jan 86 

AUDIO SIGNAL GENERATOR Feb 86 £26.21 
R.F. SIGNAL GENERATOR March 86 £24.48 
FET VOLTMETER Apr 86 
DIGITAL PULSE GENERATOR May 86 £16.68 





MINI MODEL MOTORS 
15-3V, 2 TYPES. MM1—59p MM2—61p 


DIGITAL| TROUBLESHOOTING | 


Top quality kits & parts for this new 
series. Our excellent technical back-up 
service helps to ensure that your pro- 
jects succeed every time. 

PART 1 BENCH POWER SUPPLY—Full 
kit £24.98. 

LOGIC PROBE—£7.58 including case. 
LOGIC PULSER—£7.48 including case. 
VERSATILE PULSE GENERA- 
TOR—£29.98 including case. 
DIGITAL 1.C. TESTER—€£29.21 (case 
different). 

CURRENT TRACER—£20.56. 

AUDIO LOGIC TRACER—€8.99. 


EXPLORING 


ay sO BLO] TL Ore 





A full set of parts including the Verobloc 
breadboard to follow the series right up to Aug. 
87 issue. £29.43 

Follow this excellent beginners series. Full set 
of reprints £5.00 or 80p per issue. 

SEPT PARTS 72p OCT PARTS £2.56 

NOV PARTS £3.32. DEC PARTS £4.77 
JAN PARTS £5.58 FEB PARTS £1.14 
Extra Verobloc (Used in part 17) £7.99 


INTRODUCTION 





TO ELECTRONICS 





An introduction to the basic principles of 
electronics. -With lots of simple experi- 
ments. Uses soldering. Lots of full colour 
illustrations and simple explanations. A 
lovely book. Ideal for all ages. 
INTRODUCTION TO ELECTRONICS 


COMPONENT PACK £10.99 
BOOK EXTRA £2.45 
Book also available separately. 















NEW 
BOOKS 


Modern Opto Device 
Projects £2.95 
Electronic Circuits for the Con- 
trol of Model Railways £2.95 
A T.V.-DXers Handbook 
BP176 £5.95 
Midi Projects. Penfold £2.95 
Getting The Most From 

Your Printer. Penfold £2.95 
More Advanced 

Electronic Music Projects. 





Penfold £2.95 

BOOKS 
How to Get Your Electronic Projects 
Working. Penfold £2.15 
A practical Introduction to Microprocessors. 
Penfold £2.10 
Basic Electronics. Hodder & Stoughton £8.98 


Beginners Guide to Building Electronic Projects. 


Penfold £2.25 
DIY Robotics & Sensors Billingsley. BBC £7.95 
Commodore 64 £7.99 
Elementary Electronics. Sladdin £5.98 
Science Experiments with Your Computer £2.43 


How to Design & Make Your Own PCBs. BP121£2.15 
How to Make Computer Controlled Robots. Potter£3.20 
How to Make Computer Model Controllers. Potter£3.19 
Interfacing to Microprocessors & Microcomputers£6.50 


Machine Code for Beginners. Usborne £2.45 
Micro Interfacing Circuits Book 1 £2.45 
Microprocessors for Hobbyists. Coles £4.98 
Practical Computer Experiments. Parr £1.95 
Practical Things to do With a Microcomputer. 

Usborne £2.19 


Questions & Answers — Electronics. Hickman £3.45 
Understanding the Micro. Usborne £1.95 


* JUST A SMALL SELECTION. LOTS MORE IN 
OUR PRICE LIST * 





TEACH IN 86 


MULTIMETER TYPE M1028Z as specified. Guaranteed. Top quality. 20k/V, with battery 
check, continuity tester buzzer and fuse and diode protection. 10A dc range. 





Complete with leads, battery and manual. 


£14.98 


VEROBLOC BREADBOARD, DESIGN PAD, MOUNTING PANEL AND 10 CROCODILE 


CLIP CONNECTING LEADS 


£9.98 


REGULATOR UNIT AND SAFE POWER SUPPLY. All components including the specified 
case. Specially re-designed by Magenta. No external transformer or adaptor required. Aah 
£26 


design for complete safety and ease of assembly. 
COMPONENTS FOR PRACTICAL ASSIGNMENTS. Full set. 


LEGO Technic Sets 


TEACHERS WE ARE STOCKISTS OF THE 
WHOLE RANGE. CONTACT US FOR 
BROCHURES. VERY COMPETITIVE PRICES 


TEACH IN 86 PROJECTS 


£25.83 









£16.75 


£21.48 





NEW 





STEPPING MOTORS 12 VOLT 


£7 >) 48 STEPS | 200 STEPS 
Cay 1D35 | MD200 
; £14.50 | £16.80 





£16.84 


AND QUICK DELIVERIES. 
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MOTOR — GEARBOX ASSEMBLIES 


Miniature precision made. Complete with quality electric motor. Variable reduction ratios 
achieved by fitting from 1-6 gearwheels (supplied) as required. Operates from 1.5V to 4.5V. 
Small unit type MGS speed range 3rmp-2200rpm depending on voltage & gear ratio. Large 
unit type MGL (higher torque motor) 2rpm-1150rpm. Long 3mm dia output shafts. Ideal for 


robots and buggies. 


Small Unit (MGS) £3.49. Large Unit (MGL) £3.98. 


PULLEY WHEELS. New Range—PLASTIC 
WITH BRASS BUSH %” dia. hole—easily 
drilled to 3 or 4mm. 3” dia. 35p, 4” dia. 
36p, 3” dia. 44p. 1” dia. 44p. 

Metal collar with fixing screw, 3mm bore 
24p. Flexible spring coupling 5mm. Length 
31mm 68p. 

Flexible metal coupling (universal) 3mm 
£2.98; 2mm £3.34. 


Brief details of each kit, our books, & 
illustrations of our range of tools & com- 
ponents. Also stepper motor, interface kit 
& simple robotics. Plus circuit ideas for you 
to build. If you read Everyday Electronics 
then you need a copy of the MAGENTA 
catalogue. 


CATALOGUE & PRICE LIST — Send £1 in stamps 
étc. or add £1 to your order. Price list — 9x4 sae. 


Catalogue FREE TO SCHOOLS/COLLEGES RE- 
QUESTED ON OFFICIAL LETTERHEAD. 


MAGENTA ELECTRONICS LTD. 
EE62,135 HUNTER ST., 


BURTON-ON-TRENT, 
STAFFS, DE14 2ST. 
0283 65435, Mon-Fri 9-5. 
Access/Barclaycard (Visa) by 
phone or post. 







Our prices include VAT. 
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SHOP NOW OPEN-CALLERS WELCOME 
ADD £1 P&P TO ALL ORDERS. 
PRICES INCLUDE VAT. 

SAE ALL ENQUIRIES. 

OFFICIAL ORDERS WELCOME. 
OVERSEAS: Payment must be sterling. 
IRISH REPUBLIC and BFPO: UK PRICES. 
EUROPE: UK PRICES plus 10%. 

24 hr Answerphone for credit card orders. ELSEWHERE: write for quote. 
SHOP HOURS: 9-5 MON-FRI. 






ADVENTURES 
WITH 
ELECTRONICS 


An easy to follow book suitable for all ages. Ideal for 
beginners. No soldering, uses an S-Dec Breadboard. 
Gives clear instructions with lots of pictures. 16 projects 
— including three radios, siren, metronome, organ, 
intercom, timer, etc. Helps you learn about electronic 
components and how circuits work. 

includes an S-Dec breadboard and all the components for 
the projects. 

Adventures with Electronics £3.98. 
Component pack £20.98 less battery. 














PRICE LIST—FREE WITH ORDERS OR SEND SAE 
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TOP KITS 


A SELECTION OF OUR BEST PROJECT KITS 


As usual these kits come complete with printed circuit boards, cases, 
all components, nuts, screws, wire etc. All have been tested by our 
engineers (many of them are our own designs) to 
ensure that you get excellent results. 


INSULATION TESTER 

An electronic High Voltage tester for mains 
appliances and wiring. An inverter circuit 
produces 500 volts from a PP3 battery and 
applies it to the circuit under test. Reads 
insulation up to 100 Megohms. Completely 
safe in use. 


OUR KIT REF E444 £18.65 








DIGITAL CAPACITANCE METER 


Simple and accurate (1%) measurements 
of capacitors from a few pF up to 10,000 
uF. Clear 5 digit LED display indicates ee 
exact value. Three ranges — pF, nF, sega 
and uF. Just connect the — 
Capacitor, press the 
button and read the 
value. 


£39.57 
OUR KIT 
REF E493 


3 BAND SHORTWAVE RADIO 


Covers 1.6-30 MHz in 3 bands using 
modern miniature coils. Audio 
output is via a built-in loudspeaker. 
Advanced design gives excellent 
stability, sensitivity and selectivity. 
Simple to build. 


OUR KIT REF E718 £25.27 <= 


DIGITAL FREQUENCY METER 
200 MHz 


An 8 digit meter reading from A.F. 


up to 200 MHz in two ranges. Large | jamal To yaa 
_ ay ee 


0.5” Red LED display. Ideal for AF 
and RF measurements, Amateur 
and C.B. frequencies. 


KIT REF E 563 £59.98 


VISUAL GUITAR 
TUNER 


‘EQUALISER’ IONISER 





A crystal controlled tuner with a 
New type of ‘rotating’ LED display. 
Clockwise or Anticlockwise rotation 
indicates high or low frequency. 
Perfect tuning is obtained when the 
pattern is stationary. Suitable for 
electric guitar pick-ups or may be 
used with a microphone for 
acoustic instruments. Also has an 
audio ‘pitch pipe’ output. 


KIT REF E711 £21.99 


FROM MAGENTA 





A mains powered loniser that 
produces a breeze of negative 
ions in the air. A compact, 
safe, simple unit that uses a 
negligible amount of electricity. 


KIT REF E707 £14.79 
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& comprehensive background to electronics, 
_ including practical experiments. plus full 
construction details of eight test gearprojects. 








ELECTRONICS 
TEACH-IN 


By Michael Tooley BA and 
David Whitfield MA MSc CEng MIEE 


COMPREHENSIVE background to modern 

electronics including test gear projects. This 104 
page, A4 size book forms a complete course in basic 
electronics; designed for the complete newcomer it will 
however also be of value to those with some previous 
experience of electronics. Wherever possible the course is 
related to ‘‘real life’’ working circuits and each part 
includes a set of detailed practical assignments. 


To complement the course computer programs have been produced 
for the BBC Micro and Spectrum or Spectrum Plus. The software is 
designed to reinforce and consolidate important concepts and principles 
introduced in the course, it also allows readers to monitor their progress 
by means of a series of multi-choice tests. 

The book includes details of eight items of related test gear giving full 
constructional information and diagrams for each one. The items of test 
gear described are: Safe Power Supply; Universal LCR Bridge; 
Diode/ Transistor Tester; Audio Signal Tracer; Audio Signal Generator; 
RF Signal Generator; FET Voltmeter; Pulse Generator. 

This book is an excellent companion for anyone interested in 
electronics and will be invaluable for those taking G.C.S.E. 
electronics courses. 


AT YOUR NEWSAGENT NOW — or send a 


cheque, PO or bank draft for £1.95 (overseas readers please add 80p 
postage. Payment in £ sterling only) to Wimborne Publishing Ltd., 
6 Church Street, Wimborne, Dorset BH21 1JH. Tel: 0202 881749. 
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One of the best deterrents to a burglar is a guard 
dog and this new kit provides the barking without 
the bite! The kit when assembled can be connect- 
ed to a doorbell, pressure mat or any other 
intruder detector and will produce a random series 
of threatening barks making the would be intruder 
think again and try his luck elsewhere. The kit is 
supplied complete with high quality PCB, trans- 
former, all components and instructions. All you 
need is a mains supply, intruder detector and a 
little time. The kit even includes a horn speaker 
which is essential to produce the loud sound 
required. The ‘‘dog’’ can be adjusted to produce 
barks ranging from a Terrier to an Alsatian and 
contains circuitry to produce a random series of 
barks giving a more realistic effect. 


XK125 Complete kit of parts 


DISCO LIGHTING KITS 


DL1000K -— This value-for-money 4-way chaser 
features bi-directional sequence and dimming. 
TkW per channel..............0..0000.cceccceeeees £17.50 
DLZ1000K — A lower cost uni-directional version 
of the above. Zero switching to reduce 
Interference ..............cccccccecceescceescceeseesess £9.85 
DLA/1 (for DL & DLZ1000K) Optiaqnal opto input 
allowing audio ‘beat’ /light response ............ 70p 
DL3000K — 3-channel sound to light kit features 
zero voltage switching, automatic level control 
and built-in microphone. 1kW per channel€14.25 


The DL8000K is an 8-way sequencer kit with built 
in opto-isolated sound to light input which comes 
complete with a pre-programmed EPROM con- 
taining EIGHTY — YES 80! different sequences 
including standard flashing and chase routines. 
The KIT includes full instructions and all compon- 
ents (even the PCB connectors) and requires only 
a box and a control knob to complete. Other 
features include manual sequence speed adijust- 
ment, zero voltage switching. LED mimic lamps 
and sound to light LED and a 300 W output per 
channel. 
And the best thing about it is the price. 


ony £28. 50 






£21.95 
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TEN EXCITING PROJEC 
FOR BEGINNERS 


This Kit has been specially designed for the beginner 
and contains a SOLDERLESS BREADBOARD, COM- 
PONENTS, and a BOOKLET with instructions to 
enable the absolute novice to build TEN fascinating 
projects including a light operated switch, intercom, 
burglar alarm, and electronic lock. Each project 
includes a circuit diagram, description of operation 
and an easy to follow layout diagram. A section on 
component identification and function is included, 
enabling the beginner to build the circuits with 
confidence. 


ORDER NO XK118 


“XK102-3-NOTE DOOR CHIME 


Based on the SABO600 1C the kit is 
supplied with all components, including 
loudspeaker, printed circuit board, a pre- 
drilled box (95 x 71 x 35mm) and full 
instructions. Requires only a PP3 9V 
} battery and push-switch to complete. 


AN IDEAL PROJECT FOR 
BEGINNERS 


XK113 MW RADIO KIT 


Based on ZN414 IC, kit includes PCB, 
wound aerial and crystal earpiece and all 
components to make a sensitive minia- 
ture radio. Size: 5.5 x 2.7 x 2cms. 
Requires PP3 9V battery. 

IDEAL FOR BEGINNERS £6.00 













£13.75 









































£6.00 
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we’ POWER STROBE KIT 





Vv 





VERSATILE REMOTE 
CONTROL KIT 


This kit includes go 
all components 4 
(+ transformer) 4 











AR 








to make a sensi- 7m 
tive IR receiver % 
with 16 logic “””™ ne ' , 
Outputs (0-15V) which with suitable interface 
circuitry (relays, triacs, etc — details supplied) 
can be used to switch up to 16 items of 
equipment on or off remotely. The outputs 
may be latched (to the last received code) or 
momentary (on during transmission) by spe- 
cifying the decoder IC and a 15V stabilised 
supply is available to power external circuits. 
Supply: 240V AC or 15-24V DC at 10mA. 
Size (excluding transformer) 9 x 4 x 2 cms. 
The companion transmitter is the MK18 
which operates from a 9V PP3 battery and 
gives a range of up to 60ft. Two keyboards 
are available—MK9 (4-way) and MK10 (16- 
way), depending on the number of outputs to 
be used. 

MK12 IR Receiver (incl. transformer) 































£14.85 
MK18 Transmitter .................0000000008 £7.50 
MK9 4-Way Keyboard..................... £2.00 
MK10 16-Way Keyboard................. £5.95 


601 133 Box for Transmitter 


HOME LIGHTING KITS 


These kits contain all necessary compon- 
ents and full instructions and are de- 
signed to replace a standard wall switch 
and control up to 300W of lighting. 


TDR300K Remote Control Dimmer £16.45 
MK6 Transmitter for above £4.95 
TD300K Touchdimmer £8.50 
TS300K Touchswitch £8.50 
TDE/K — Extension kit for 2-way 

switching for TD300K £2.70 
LD 300K Light Dimmer £4.35 





Na , Designed to produce a 
ae high intensity light pulse 

{ ry at a variable frequency of 
Da : 1 to 15Hz this kit also 


includes circuitry to trig- 
i ger the light from an ex- 
ternal voltage source (eg. a loudspeaker) via 
an opto isolator. Instructions are also sup- 
plied on modifying the unit for manual 
triggering, as a slave flash in photographic 
applications or as a warning beacon in 
security applications. The kit includes a high 
quality pcb, components, connectors, 5Ws 
strobe tube and full assembly instructions. 
Supply: 240V ac. Size: 80 x 50 x 45. 


XK124 STROBOSCOPE KIT £12.50 


ow 


i 





HIGH SECURITY LOSK KIT 


,am. Designed for use with our lock 
fa, mechanism (701 150) this kit will 
Faas operate from a SV to 15V sugply 
|; drawing a standby current of only 
50yA. There are over 5000 possi- 
ble 4-digit combinations and the sequence can be easily changed. 
To make things even more difficult for an unauthorised user an 
alarm can be sounded after 3 to 9 incorrect entries—selectable by 
means of a link. The alarm can sound for a few seconds to over 3 
minutes during which time the keyboard is disabled preventing 
further entries. A latched or momentary output is available making 
the apit ideal for door locks, burglar alarms, car immobilisers, etc. 
A membrane keyboard or pushbutton switches may be used and a 
beep sounds when a key is depressed. Kit includes high quality 
PCB, all components, connectors, high power piezo buzzer and full 
assembly and user instructions. 


XK121 LOCK KIT £15.95 
350118 Set of Keyboard Switches £4.00 
701150 — Electric Lock Mechanism 

12 volt £16.50 


PROPORTIONAL TEMPERATURE 
CONTROLLER KIT 


Uses ‘‘burst fire’’ tech- 
nique to maintain tem- 
perature to within 
0.5°C. Ideal for photog- 
raphy, incubators, 

aie wine-making, etc. Max. 
load 3kw (240V ac) Temp. range up to 90°C. Size: 
7x4x2.5cms. 


MK4 £7.10 




















































Good quality tools selected to offer outstanding 
value for money. 


650 004 Gin mini. Snipe Nose Pliers. Serrated 
jaws and return spring. £2.10 
650 005 Gin lap jointed side cutters. Insulated 
handles and return spring. £2.10 
650 006 Light duty cutters. Cutting capacity 
0.22—1.2mm copper wire. £1.60 
TOOL KIT — Contains: side cutters, snipe nose 
pliers, wire strippers, flat blade screwdriver, phil- 
lips screwdriver in black textured, reinforced and 
padded case which when opened out measures 
240x205mm £6.80 




























650 007 Self-adjustable automatic wire stripper 
with built-in cable cutter. £3.95 
650 012 Watchmakers Screwdriver Set. 
1.0/1.4/2.0/2.4/3.0/3.8mm £1.75 
650 019 Set of 4 Stainless Stee! Tweezers. 
Straight nosed, straight noosed-reverse action, 























bent nosed, flat nosed. 110mm long. £3.65 
650 502 Reliant 9—12V de Drill. £6.90 
650 500 Titan 12V de Drill. £10.25 
650 570 Saturn Mains Drill. £16.50 










WE ALSO STOCK ANTEX IRONS AND 
ACCESSORIES 





LOGIC PROBE 





A MUST for working with TTL & CMOS devices. 
Displays logic levels and pulses down to 25nS 
with LEDs and sound. Comprehensive instruction 
booklet supplied. 














Working voltage 4-16V dc 
Input Impedance 1M hy tf 
Max. i/p frequency 20MHz ° 






















RECHARGEABLE SOLDERING IRON 


Powerful cordless iron complete with table-top/ 
wall-mounting charging bracket. Reaches solder- 
ing temperatufe in 10 seconds. Includes lamp 
which lights when soldering. Comes with mains 
charging unit and 12V car battery 


adaptor. 
pecial offer £15.95 
HELPING HANDS 


Magnifier and croco- 
dile clips on ball and 
socket joints mount- 
ed on a heavy base. | 
Ideal for holding and 
inspecting PCBs dur- 






























ing soldering, fault 
finding, etc. 
(650 035) £3.95 
















| RN 












COMPONENT 
PACKS 


Refill those empty component drawers at a fraction of 
the normal price and don’t be caught without that odd 
resistor or capacitor to complete your project. All 
components supplied are full specification and not 
seconds or surplus stock. 
CK A 
650 x 0.25W resistors 47R to 10M £4.25 
60 x Electrolytics 1uF — 1000uF £3.25 
PACK C 
30 x Polyester Capacitors 0.01 — 1uF £4.50 
PACK D 
% x Horizontal presets 1K — 1M £3.00 
PACK 
30x iC —— 8, 14 & 16 Pin £2.00 
F 
25 x Red LEDs 5mm £1.75 
PACKG 
25 x Green LEDs 5mm £2.00 
ACK 
30 x 5mm LEDs ~ red, green, yellow £2.50 
50 x 1N4148 Si. — £1.00 


P, 
40 x NPN/PNP —) —ore General Purpose 


10% OFF when you buy ALL 10 PACKS 






ELECTRONICS 
13 BOSTON RD 
LONDON W7 3SJ 
Tel: 01-567 8910 
ORDERING INFORMATION: 
ALL PRICES EXCLUDE VAT 


FREE P&P on orders over £20 (UK only), otherwise add 
75p + VAT. Overseas P&P: Europe £2.75. Elsewhere 
£6.50. Send cheque/PO/Barclaycard/Access No. 
with order. Giro No. 529314002. 


LOCAL AUTHORITY AND EXPORT ORDERS WELCOME 
_ GOODS BY RETURN SUBJECT TO AVAILABILITY 
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SCOOP PURCHASE ONLY 1.9511! 


Comprises ready-built AM Tuner module (super- 
het), separate audio amp with volume control and 
miniature speaker. All you have to do is connect 
these three items to a 9V battery. Full instructions 
supplied. AVAILABLE WHILE STOCKS LAST. 


LOW COST MULTIMETER 


A versatile meter with 19 ranges including 10A DC 
& BATTERY TEST. Case is tilted for easy reading. 
Supplied complete with batteries, test leads and a 
manual. Ideal meter for the beginner. Input 
impedance 20K ohm per volt. AC Volts: 
0-10-25-1000V 5%. DC Volts: 0-2-5-20-25-250 + 
; 1000V + 5%. DC 
Current: 0-2.5-25m 
250mA-10A + 4%. 
Resistance: 0-10K- 
100K-10M 
Battery test: 9V-1.5V 
AA-1.5VC &D 
Protection: Fuse 
Dimensions: 154 x 77 x 
43mm 













































£8.62 


P.C.B. ETCHING KIT 


Ideal starter pack. 2 pieces Copper Laminate, 
Circuit Etchant, Etch Resist Pen, 7 Assorted 
Transfer Sheets and Tray. Full and comprehensive 
instructions on laying out and etching your own 
PCB designs. £5.20 































Takes up to 4 x AA size. Charges 2 batteries in 
4-6 hrs., 4 in 10-14 hrs. depending on strength 
of sunlight. Ideal for boating, caravanning, model- 
lers, etc. £5.95 























ELECTRONIC 
WEIGHING SCALES 


This kit contains a- 
Single Chip Micro- 
processor, PCB, 
displays and all elec- 
tronics to produce a 
digital readout of 
weight in Kgs. or Sts. 
and Lbs. in normal use 
a toothed wheel 
ee (pattern provided) is 
made to rotate when a weight is placed onto the 
scales, interrupting two infra-red beams. The 
processor counts the number of teeth passing the 
sensor (up or down, depending on which beam is 
broken first), and shows the reading on the LED 
display in Sts. and Lbs., Lbs or Kgms. A PCB link 
selects the scale for bathroom or two types of 
Kitchen Scales. A linear version of the toothed 
wheel could also be used. Other uses include 
up/down counters. A low cost digital ruler could be 
made by using a wheel with the correct tooth to 
diameter ratio. 
ESI £5.50 
























































SEND 9”x 6” S.A.E.& 
50p FOR CATALOGUE 
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EXTRA! EXTRA! 
NCE again we have included another extra item in the magazine. We will 
also be carrying extras in April and May (in addition to the free Data Cards 
that will continue to the June issue). In April we will give you a 24 page Spring 
Catalogue Supplement from Greenweld. A follow-up to their highly successful 
catalogue we provided with the November issue. 

The May issue will carry another 24 page supplement entitled Guide to Testing 
and Test Gear. This very useful guide has been written for us by Robert Penfold; 
it looks at multimeters, logic probes, pulsers, a.f. generators, r.f. testing and 
power supplies, giving information on what is required and how to use the 
items. There is also a full length article on the oscilloscope which investigates 
the choice of ’scopes, timebase, sensitivity, squarewave testing, d.c. coupling, 
clipping, various measurements, a.c. voltage, logic testing, dual trace ’scopes 
and TV sync. In short an invaluable guide to all students of electronics. 


CIRCUIT EXCHANGE 

It is some time since we published any Circuit Exchange ideas in the maga- 
zine. This is quite simply due to lack of space. We do cram the magazine full, 
even keeping our typeface down in size to get the most we can on each page but 
there is not always room for everything even then. However this free booklet 
(you will find it attached between the centre pages) brings you a bumper bundle 
of ideas that cover a very wide range of applications—we hope you find them 
interesting and helpful. 


BACK ISSUES 

If you are looking for ideas the Index we publish in each December issue lists 
all the articles and projects that have appeared in Everyday Electronics over the 
year. We can also provide many back numbers going back to January 1982—or 
photostats of an article if we have sold out (the price is the same as a back 
number). See below for ordering details and a note of recent issues which have 
sold out. 
MAKE SURE 

We are now getting regular phone calls from readers who cannot get copies of 
Everyday Electronics. While we have been distributing extra copies each month 
the demand is continually growing and newsagents often sell out after 10 days or 
so. To avoid this problem either place an order with your newsagent—they will 
then save a copy in the shop or deliver one for you. Alternatively take out a 
subscription and we will post your copy to you each month—a subscription now 
represents excellent value for money, check for yourself. There is a subscription 
form and a newsagent order form on the tail of the pull-out Data Card in this 
issue. 





SUBSCRIPTIONS 

Annual subscriptions for delivery direct to 
any address in the UK: £14.50. Overseas: 
£17.50 (£34 airmail). Cheques or bank drafts (in 
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£ sterling only) payable to Everyday 
Electronics and sent to EE Subscriptions Dept., 
6 Church Street, Wimborne, Dorset BH21 
1JH. Subscriptions can only start with the 
next available issue. For back numbers see 


below. 
BACK ISSUES & BINDERS 
Certain back issues of EVERYDAY 


ELECTRONICS are available price £1.50 (£2.00 
overseas surface mail) inclusive of postage and 


| packing per copy. Enquiries with remittance, 


made payable to Everyday Electronics, should 
be sent to Post Sales Department, Everyday 
Electronics, 6 Church Street, Wimborne, 
Dorset BH21 1JH. In the event of non- 
availability remittance will be returned. Please 
allow 28 days for delivery. (We have sold out 
of Sept. Oct. & Nov. 85, April, May & Dec. 
86, Jan. & April 87.) 

Binders to hold one volume (12 issues) are 
available from the above address for £4.95 
(£9.00 overseas surface mai.’ inclusive of p&p. 
Please allow 28 days for delivery. 

Payment in £ sterling only please. 





Editorial Offices 
| EVERYDAY ELECTRONICS EDITORIAL, 
6 CHURCH STREET, WIMBORNE, 
DORSET BH21 1JH 
Phone: Wimborne (0202) 881749 
Fax: (0202) 841692 
See notes on Readers’ Enquiries below—we 
regret that lengthy technical enquiries cannot be 
| answered over the telephone 


Advertisement Offices 

EVERYDAY ELECTRONICS ADVERTISEMENTS 
4 NEASDEN AVE., CLACTON-ON-SEA, ESSEX 
CO16 7HG. Clacton (0255) 436471 


Editor MIKE KENWARD 
Secretary PAMELA BROWN 


Deputy Editor 
DAVID BARRINGTON 


Editorial Assistant 
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READERS’ ENQUIRIES 

We are unable to offer any advice on the 
use, purchase, repair or modification of 
commercial equipment or the incorpora- 
tion or modification of designs published in 
the magazine. We regret that we cannot 
provide data or answer queries on articles 
or projects that are more than five years 
old. Letters requiring a personal reply 
must be accompanied by a stamped 
self-addressed envelope or a self- 
addressed envelope and inter- 
national reply coupons. 

All reasonable precautions are taken to 
ensure that the advice and data given to 
readers is reliable. We cannot, however, 
guarantee it and we cannot accept legal 
responsibility for it. 


COMPONENT SUPPLIES 

We do not supply electronic com- 
ponents or kits for building the projects 
featured, these can be supplied by 
advertisers. 


OLD PROJECTS 

We advise readers to check that all parts 
are still available before commencing any 
project in a back-dated issue. 

We regret that we cannot provide 
data or answer queries on projects 
that are more than five years old. 


ADVERTISEMENTS 

Although the proprietors and staff of 
EVERYDAY ELECTRONICS take reason- 
able precautions to protect the interests of 
readers by ensuring as far as practicable 
that advertisements are bona fide, the 
magazine and its Publishers cannot give 
any undertakings in respect of statements 
or claims made by advertisers, whether 
these advertisements are printed as part of 
the magazine, or are in the form of inserts. 

The Publishers regret that under no 
circumstances will the magazine accept 
liability for non-receipt of goods ordered, 
or for late delivery, or for faults in manufac- 
ture. Legal remedies are available in re- 
spect of some of these circumstances, 
and readers who have complaints should 
address them to the advertiser or should 
consult a local trading standards office, or 
a Citizen's Advice Bureau, or a solicitor. 


TRANSMITTERS 


We would like to advise readers that certain 





‘items of radio transmitting equipment which 


may be advertised in our pages cannot be 
legally used in the U.K. Readers should check 
the law before’ using any transmitting 
equipment as a fine, confiscation of equipment 
and/or imprisonment can result from illegal 
use. 

The law relating to this subject varies from 
country to country; overseas readers should 
check local laws. 
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This simple-to-use instrument will check 
leakage currents down to below 1 LA. It will 
also give an indication of gain for both non 


and pnp transistors 


ESPITE the increasing prevalence 

of integrated circuits discrete tran- 

sistors and diodes are still used in 
many projects, so a means of checking them 
quickly and easily is welcome in any enthusi- 
ast’s workshop. This instrument will check 
leakage currents on scales down to 10uA, 
allowing values below 1uA to be clearly 
Seen, 

It will indicate transistor gain on scales 
suitable for both low-gain power types and 
modern small-signal amplifiers, which may 
have gains of 400 or more. It will often be 
possible to test “in circuit’, useful when 
trouble shooting, whilst readings for devices 
on their own should be accurate to within 
five percent. 

Both npn and pnp transistors can be 
checked, the tester is very simple to use and, 
provided no external voltages are applied to 
the probes, it is indestructible. Shorting the 
“emitter” and ‘“‘collector’ test leads whilst 
Switched to the 10uA range for example, 
will not produce smoke or a bent pointer, 
simply a full-scale reading. 

Diodes are easy to test. A reversible volt- 
age is applied, and current should flow only 
one way, any current flow in the supposedly 
non-conducting direction is referred to as 
leakage. For most silicon diodes this is negli- 
gible, but with some germanium types it can 
be significant and highly temperature 
dependant. 

To test a transistor, leakage between the 
emitter and collector is checked with the 
base shorted to the emitter; in this condition 
it should be “‘off’. Again, silicon devices will 
not normally leak, but germaniums may re- 
semble electronic sieves! 


GAIN 


To find the gain, a current of 10uA is 
supplied to the base and the resulting col- 
lector current measured. The gain is the ratio 
between collector and base currents, so if 
2.5mA appears at the collector the gain will 
be 2.5mA/10uA, or 250. 

On a 10mA scale this can be read directly 
from zero to 1000. Other scales are provided 
to enable lower gains to be read easily. 
These follow the pattern 1-5-10-50 . . . 
instead of the more usual 1-3-10-30, as this 
avoids the need for a second scale on the 
meter. 
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Since npn and pnp transistors have 
opposite polarities the tester must be capable 
of operating in either direction at the flick of 
a switch, which leads to some circuit com- 
plexity. 


CIRCUIT DESCRIPTION 


The full circuit diagram for the Semicon- 
ductor Tester, Fig. 1, looks complicated but 
can be easily understood if described in sec- 
tions. Firstly, a voltage equal to half the 
supply is generated. The device to be tested 
can be connected between this and either 


supply rail to obtain the required polarity. 
The supply voltage is split by resistors R1 
and R2 and buffered by IC1a. 

The maximum test current, 10mA, is close 
to the op-amp’s output current limit, so tran- 
sistors TR1 and TR2 boost it where necess- 
ary. Capacitors Cl to C4 provide 
decoupling, and in effect a dual, positive and 
negative supply has been created. From here 
on the supply rails will be referred to as zero, 
positive and negative. 


ICld is connected as a voltmeter, reading 
to one volt either side of zero. Through feed- 
back, any voltage at the Op-amp’s positive 
input must appear at the negative input, and 
hence across resistor R18. 

As R18 is Ik, it follows that 1V will pro- 
duce a current of 1mA, or full scale on a 
ImA meter. The diodes D2-D4 route the 
Current correctly through the meter for 


COMPONENTS 





Resistors 





R1, R2, R5, R6, R7, 

R11,R12, R14, | 10k (11 off) 
R15, R16, R27 

R3 470 

R4 1k 

R8, R9, R28 100k (3 off) 

R10 560 

R13 15k 

R17,R19 2k2 (2 off) 


R25 8k2 
R26 330k 
R29 390k 


See page 158 


All 0.6W 1% metal film 


Capacitors 
CT, C2 100 axial elec. 10V 
(2 off) 
C3,C4,C5, 100nf polyester layer 
C8, C9 (5 off) 
C6, C7 47p ceramic plate 
Semiconductors 


D1 LED, miniature, red 
high-brightness type 











D2, D3, } 0A47 germanium 







D4, D5 diode (4 off) 
TR1, TR3, BC184L npn 
TR5, TR8 silicon (4 off) 
TR2, TR4, BC214L pnp 
TR6, TR7 silicon (4 off) 





IC1 LM324 quad op-amp 
IC2_ CA3130 CMOS op-amp 
IC3_ 8069CCZR 1V2 
voltage reference 












Switches 
S1  4-pole 3-way rotary 
S2 Miniature push-button 
(push-to-break) 
$3 1-pole 12-way 









Miscellaneous 


VR1 1k skeleton preset 

Printed circuit board, available 
from EE PCB Service, code EE594;: 
8-pin DIL socket; 14-pin DIL socket: 
ME1 0-1mA moving coil meter; 
Case, ABS box 2005, 
150x80x50mm; PP3 battery and 
connector; multi-coloured ribbon 
cable, 16-way plus; Subminiature 
probe clips, red, black, green; 
Pointer knobs (2 off); connecting 
wire and solder, etc. 


£24 
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either input polarity and the op-amp automa- 
tically compensates for their forward voltage 
drops. 

At full scale the op-amp’s output voltage 
should consist of 1V for R18, plus the voltage 
across the meter, plus two diode forward 
voltage drops; in some cases it may not be 
able to reach this total with silicon diodes so 
germaniums, with lower forward voltages, 
are used here. 

To measure current the input is shunted 
with a resistor, making the circuit into a bi- 
directional ammeter indicating current from 
either positive or negative so that it can ac- 
cept collector current from both pnp and npn 
transistors. Ranges from 104A to 10mA are 
provided with resistors selected by range 
switch S3, see Fig. 1b. 


Fig. 1b. Circuit diagram for the range 
switch resistors. 
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The emitter and base polarities must be: 


switchable however, and a means of pre- 
venting overload is needed. First, a —1V 
reference (with respect to zero) is generated. 
IC3 is a “bandgap” device, more expensive 
than a Zener diode, but with a very constant 
(and convenient) output of 1.2V. Preset 
potentiometer VRI allows adjustment to 
exactly 1V. A +1V reference is also gener- 
ated through inversion by [Clc. 

Switch S1 is the NPN/PNP (and ON/OFF) 
switch. If Sla is selected to +1V as shown; 
the positive input of IC2 will be at +1V. 





For currents up to full scale the negative 
input of IC2 (taken from the meter circuit 
input) is lower, so the output rises to positive 
supply potential, taking the emitters of TR3 
and TR4 with it. These supply the emitter of 
the device on test, providing conditions for 
pnp testing, with the emitter positive of the 
collector. If enough current flows to raise the 
voltage at IC2’s negative input to 1V, IC2 
will respond by reducing the emitter supply 
voltage to clamp it at this value. 

With S1b selected to —1V the circuit oper- 
ates similarly but in the opposite direction, 


Fig. 1a. Complete circuit diagram, except range switch S3, for the Semicon- 
ductor Tester. The range switch arrangement is shown in Fig. 1b (above left). 





Loi 


setting up emitter-collector conditions for an 
npn device. It thus provides correct polarity, 
with overload protection for both the meter 
circuit and the device on test, on any range. 
IC2 is a 3130, selected for speed and the 
ability of the output to swing all the way to 
either supply. 

The reference selected by S1b also goes to 
IC1b. When it is positive, transistor TRS will 
be driven until +1V appears across resistor 
R9, causing 10uA to flow into the emitter. 

Apart from the tiny portion going to the 
base, all of this will appear at the collector as 
a “constant current source’’ that can flow to 
the positive rail, so a suitable base drive for a 
pnp transistor has been generated. During 
leakage tests this is lost through switch $2, a 
press-to-break type which shorts base to 
emitter. Operation of S2 causes it to flow 
into the base, the current of 10uA being 
maintained regardless of the base-emitter 
voltage of the device being tested. 

Once again this circuit works just as well in 
the opposite direction. The collectors of TR5 
and TR6 cannot be coupled though, so Sla 
selects the appropriate output. 

As false readings can result from the early 
Stages of battery failure an l.e.d. indicates a 
healthy supply. This is supplied by transistor 
TR7, in turn driven by TR8, which compares 
a voltage derived from the positive supply 
with the positive reference. 

With the values given the l.e.d. exting- 
uishes sharply as the battery falls below 
about eight volts. The circuit will, in fact, 





function down to about seven volts, so this 
provides a useful safety margin. 


CONSTRUCTION 


Board construction should present no par- 
ticular problems, the component layout and 
printed circuit board copper foil pattern, Fig. 
2, being quite straightforward. This board is 
available from the EE PCB Service, code 
EES94. 


Fig. 3. Wiring details for range selec- 
tor switch S3. 





Take care to fit the capacitors C1, C2 and 
the four diodes the correct way round, and 
ensure all transistors are both the right type 
and correctly orientated. IC3 was once a 
three-lead device similar to a transistor, the 
third lead being unconnected. A smaller, 
two-lead package seems to be the current 
version, though if the former is supplied it 
should be fitted with the flat as shown, with 
the top lead cropped. 

Use sockets for IC1 and IC2, both to pro- 
tect them and because it can simplify matters 
a great deal should trouble-shooting be re- 
quired. Ensure IC1 is the right way round 
when plugging it in, pin | is at top right. 


CASE AND 
WIRING DETAILS 


If the specified case is used it should be 
marked out with care to ensure that the 
board, when fitted, does not foul switch S2. 
Marking of ranges, etc. is done with rub- 
down transfers, protected with clear 
adhesive backed film. 

The board slots in with the components 
facing the side of the box, in the space 
between the corner pillars, to provide room 
for the remaining hardware. The connecting 
wires pass beneath it, allowing it to be lifted 
for access to preset VR1. 

As there are rather a lot of connections the 
use of a few inches of ribbon cable makes for 


BATTERY +V 


9 


ON/OFF 
7 > SWITCH 
(Sic) 


TEST 
PROBES 


BATTERY -V 


“GAIN” A 
BUTTON Sia 
$2 





Fig. 2. Component layout, wiring details and full size printed circuit board foil master 
pattern. Wiring of the range resistors is shown in Fig.,1b above. 
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Internal view showing the circuit board slotted in position and the use of 
coloured ribbon cable to wire-up the range and pnp/npn rotary switches. 





The completed circuit board showing component layout and the use of ribbon 
cable for board connections from front panel components. 


a neater job; everything save the test leads 
can be wired in this, a total of sixteen wires. 
The ribbon’s colour coding also simplifies the 
job, reducing the risk of errors. 

The switches specified for S1 and S2 are 
marked with letters and numbers to which 
connections should be made as shown in Fig. 
2. Though the negative battery connection is 
shown as being wired direct, on the proto- 
type it was taken through Sld, mainly be- 
cause this provided a good anchorage for the 
battery lead! Three lengths of flexible wire 
pass through three small holes at the top of 
the case and are fitted with miniature probe 
clips, for connection to the ‘“‘device on test”’. 

The resistors on the Range switch S3 are 
connected in single and parallel combina- 
tions as required to make up the total needed 
at each step, as shown in Fig. 1b. the physical 
wiring arrangement for S3 is shown in Fig. 3. 

The switch S3 is a twelve-way type, pro- 
vided with an adjustable stop which is used 
to limit it to seven. As position 12 is not 
used, the end of resistor R20 may con- 
veniently be anchored to it. The resistors 
should be fitted to this switch before it is 
mounted in the case. 


TESTING 


Testing of the prototype consisted of wir- 
ing it up and switching on—it worked, first 
time! Seriously though, it is worth keeping 
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an eye on the current drawn when turning it 
on for the first time. 

Without a load, the tester takes about 
17mA, the bulk of this going to the l.e.d. 
(D1). Without the light, the drain is about 
6mA. Any significant variation indicates a 
need to switch off and re-examine the wiring. 


SIMPLE CHECKS 


Some simple checks that can be made in- 
clude the voltages across capacitors Cl and 
C2, which should both be half the battery 
supply voltage. This will confirm correct 
operation of everything around [Cla. 

With respect to zero, which can be con- 
veniently picked up from the negative end of 
C1, the voltage across IC3 can be verified as 
being about —1.2V. Operating S1 between 
PNP and NPN should cause the “‘emitter’’ 
test lead to switch from positive to negative 
respectively about the zero rail, and with a 
sensitive meter the bias current can be 
measured. 

Bear in mind that this is generated from 
zero, so it can only flow to one of the supply 
rails (or to the emitter test lead). Its precise 
value may not be 10uA unless preset VR1 
has been adjusted, and if S2 has been con- 
nected it will, of course, be necessary to 
press this. 

Setting up consists of shorting the emitter 
and collector test leads together and 











The completed Semiconductor Tester 
showing meter scale and range switch 
lettering. The three leads from the top of 
the case are connected to the three minia- 
ture probes. 


adjusting VR1 for a spot-on full scale read- 
ing, which automatically sets up everything 
else. 


IN USE 


Using the tester is simplicity itself. To test 
a diode, connect it between the emitter and 
collector test leads, with the cathode 
(marked end) to the collector. 

Switching to “PNP” applies forward volt- 
age, which should give a full-scale reading on 
any range. “NPN” applies reverse voltage, 
and leakage (if any) can be read on a suitable 
range. LED’s can be tested too, and the 
current available on the 10mA range is suf- 
ficient to light them. 

For transistors, connect all three leads, 
switch to PNP or NPN as appropriate, check 
leakage if necessary, then press the button to 
read the gain. It’s virtually impossible to 
damage a device with this tester. Incorrect 
connection,or operation of S1 to the wrong 
polarity will usually just produce “silly” 
readings. 

With practice it’s possible to sort out the 
polarity of an unknown transistor and deter- 
mine which lead is which. The possibility of 
“in circuit” testing depends, of course, on 
the circuitry around the device to be tested, 
but in many cases it will be possible to make 
at least a functional test without unsoldering 
it, which can be a great help when fault-find- 
ing. Oo 
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We make no pretence to accuracy, however this simple skin 
resistance detector will provide hours of fun. 


resistance varies with the emotional 

state. For example, many readers will 
have experienced sticky hands while waiting 
to see the dentist.. 

It is this moisture, together with the pres- 
ence of salt, which reduces the skin re- 
sistance. It may be easily measured using an 
ohmmeter with one probe held in each hand. 
A typical “dry” resistance is 200k ohms but 
with wet hands it may fall to 10k ohm or less. 

This effect is used in the “‘polygraph’’ or 
lie-detector. Here, changes in skin resistance 
cause pens to trace graphs on a moving paper 
roll. From the appearance of these traces, an 
expert operator can judge, with fair accu- 
racy, whether or not the subject is lying. 

This battery-operated device is much sim- 
pler than a professional polygraph. The sub- 
ject holds a pair of electrodes and a row of 
ten l.e.d.s glow, thermometer fashion, 
according to the skin resistance. 

It makes no pretence to accuracy—indeed, 
considerable training is needed to obtain re- 
liable results from any type of lie-detector. 
However, it is good enough for entertain- 
ment and may be used either in its own right 
or in games where the detection of a lie 
might prove helpful to an opponent. 


| T IS well known that a person’s skin 


CIRCUIT DESCRIPTION 


The circuit for the Lie-Detector is shown 
in Fig. 1. The principle component is the bar 
driver IC1. This accepts an analogue voltage 
at the input, pin 5, and lights one of a row of 
ten l.e.d.s connected to the outputs (pins 1 
and 10 to 18) according to the voltage level. 

The skin resistance, together with resistor 
R2 and potentiometer VR1, form a potential 
divider across the supply so a voltage appears 
at pin 5 whose value increases as skin re- 
sistance falls. This operates the i.c. in the 
manner described. VR1 sets the operating 
range and resistor R1 determines the l|.e.d. 
operating current and hence their brightness. 

Capacitor Cl prevents possible erratic be- 
haviour caused by mains hum pick-up and 
also serves to slow down the response time. 
Resistor R2 prevents a short-circuit to the 
supply if the electrodes are allowed to touch 
while VR1 is set to minimum. 

The circuit is battery-operated and so safe 
in use. On no account should it be converted to 
mains operation or a mains power supply used. 
The current requirement is about 20mA so 
the internal battery will give excellent ser- 
VICE, 
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Fig. 1. Complete circuit diagram for the Lie Detector. The arrangement 
of the “lie detection” I.e.d.s is shown in the photograph 
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COMPONENTS 






























Resistors 
R1 2k2 
R2 1k 
Both 0.25W 5% carbon a 
Potentiometer 
VR1 100k min. See page 
Capacitor ie 
cI 470n 
Semiconductors 
IC1 LM3914N linear 
bar driver 
D1-D10 3mm l.e.d.s: red 
(4 off); yellow 


(2 off);: green (4off) 
(or red 10 off) 


Miscellaneous 

Plastic case, size 76x56x35mm 
internal (MB1 box); 0.1in. matrix 
stripboard, size 13 strips x 16 holes; 
S1 sub-miniature s.p.s.t. toggle 
switch; Pointer knob for VR1; 2mm 
plugs and sockets (2 off); PP3 bat- 
tery and connector; Electrode 
materials (see text); Adhesive fix- 
ing pads; connecting wire and 
solder etc. 


y+Vololme) om o4e)-1 & 
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SOLDERED JOINTS 
SMOOTHED ON 
UNDERSIDE 


Oe1in MATRIX 
STRIPBOARD 


Fig. 4. Combination skin sensor 
electrode 
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CONSTRUCTION 


Most of the components are mounted on a 
circuit panel consisting of a piece of 0. lin. 
matrix stripboard, size 13 strips X 16 holes, as 
shown in Fig. 2. Make all breaks in the cop- 
per strips as shown and insert the inter-strip 
links. 

Mount the soldered components as indi- 
cated but do not insert the i.c. into its holder 
until the end of construction. Pay particular 
attention to the polarity of the l.e.d.s and 
when soldering them in position, note that 
the wire ends must be bent gently so that the 
array occupies the whole width of the circuit 
panel (see photograph). 

Also, take care to ensure that all l.e.d.s 
reach the same height. In the prototype unit, 
D1 to D4 were red, D5 and D6 yellow and 
D7 to D10 green. This adds to the fun but 
they could all be the same colour if desired. 
Solder 10 cm. pieces of light-duty stranded 
connecting wire to each of strips A, B, G 
and J as indicated. 

Drill holes in the case for $1, VR1 and for 
the sockets. Cut a slot in the lid size 
3mm xX40mm. for the l.e.d. display. Mount 
the remaining components and complete all 
wiring as shown in Fig. 3. 

Without touching the pins, remove the i.c. 
from its special packing and insert it into its 
socket. This precaution is necessary since 
IC1 is a CMOS device and therefore liable to 
be damaged by static charge. 

Fit the battery and secure the circuit panel 
with the l.e.d.s occupying the slot in the lid. 


CIRCUIT PANEL 





An adhesive fixing pad applied to the top of 
IC1 will serve this purpose. Attach the bat- 
tery to the base of the box with a similar pad. 


ELECTRODES 


The choice of electrodes is left to the con- 
structor and may be the subject of exper- 
iment. One may be held in each hand or they 
may be combined for single-handed oper- 
ation. 

In two-handed use, response depends 
largely on the pressure which the subject 
exerts on the electrodes. This may be seen as 
an advantage since a nervous person will 
tend to grip them more tightly. 

On the other hand, a combination elec- 
trode responds mainly to the presence of 
moisture. Such a device may be made from a 
piece of stripboard with adjacent copper 
tracks joined together (see Fig. 4). It may be 
taped to the subject’s palm with the copper 
strips touching the skin. Light-duty twin wire 
connects the electrodes to SK1 and SK2 on 
the unit. 


OPERATION 


Arrange the electrodes and switch on. 
Adjust VR1 for the required range of oper- 
ation. Decreases in skin resistance will now 
cause the l.e.d.s to glow in turn. 

Although the Lie-Detector is great fun to 
use, the results should not be taken too se- 
riously! a) 


unted components 
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TONY SMITH G4FAI 


The second Annual Report of the Ra- 
diocommunication Division of the DTI— 
for the financial year 1986/87—was pub- 
lished recently. The Division has now al- 
most completed the process of re- 
Organisation begun in 1983 when it 
moved to the DTI. 

Its many functions have now been 
grouped into a more coherent structure 
which it is hoped, says Kenneth Clark, 
Minister of Trade and Industry, in his 
foreword to the report, ‘‘will enable cus- 
tomers to receive a better standard of 
service.” 


WHO ARE THE CUSTOMERS? 

Its immediate customers, says the re- 
~ port, are the 280,000 radio licensees and 
the 1,000,000 people whose use of radio 
is.exempted from licensing. There are 
users of private mobile radio, mobile 
phones, ships’ and aircraft radio, amateur 
radio, CB radio and more. 

The report describes what is going on 
in each of these areas, outlining policies, 
plans and achievements. ‘We collect 
£13,000,000 in licence fees and it is good 
discipline to have to explain how we 
spend it... the better will our customers 
understand our actions and intentions.” 

This column is, of course, concerned 
with amateur radio so, fascinating as it is, 
we must put the rest aside to concentrate 
on our proper subject. During the year 
1986/7, fees received for amateur li- 
cences amounted to £671,000 and the 
number of licences as at 31 March 1987 
was 57,692, an increase of 240 per cent 
since 1974, when the figure was 24,000. 


CHANGES A number of beneficial 
changes and events during the year in 
review are reported. On 27 March 1987, 
John Butcher, Parliamentary Under Sec- 
retary of State for Industry, when opening 
the National Convention of the RSGB at 
the NEC in Birmingham, announced the 
award of a DTI prize for youth achieve- 
ment in amateur radio in the hope of fo- 
cussing the attention of young people on 
the hobby. Mr Butcher promised a further 
review of the 50MHz band and the possi- 
bility of access to it by class B operators— 
both of which were realised. 

The Division worked with the Radio 
Society of Great Britain to establish a 
chain of experimental packet radio relay 
stations. Old call-signs were permitted to 
be re-claimed by their original owners; 
the Morse test became valid for life; and 
class B operators were allowed to use 
Morse code on the v.h.f. bands on a per- 
manent basis. 

An eleven-point plan to deal with cases 
where amateurs were involved in dom- 
estic TV interference problems was 
evolved, and plans were in hand for a 
major revision of the amateur radio li- 
cence. In summary, the report comments, 
“Altogether it has been a very interesting 
year for the amateur service, with the 
promise of further benefits to come”. 
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NEW LEAFLET 

The DTI has also just published Infor- 
mation Sheet No. 6: Radio Amateurs’ 
Examination, in conjunction with the City 
& Guilds of London Institute which is re- 
sponsible for setting the RAE on behalf of 
the licensing authority. The DTI says that 
its intention in producing the sheet is to 
encourage interest in as many people as 
possible who would not normally con- 
sider amateur radio as a potential hobby. 

The leaflet explains what amateur radio 
is, why it is necessary to take an appro- 
priate technical examination (and pass a 
Morse test in some cases) to become a 
radio amateur. It explains what the exam- 
ination is; how to study for it; and how to 
obtain further information. 

During 1988, the RSGB’s 75th anniver- 
sary year, there is to be a special effort to 
bring newcomers into the hobby, and this 
leaflet is part of that effort. If you would 
like a free copy, write to DTI, Radiocom- 
munications Division, Amateur Radio 
section, Waterloo Bridge House, Water- 
loo Road, London, SE1 8UA. 


COLLECTING 

Wireless, both amateur and 
professional, has been in existence for so 
long now that early transmitters, receiv- 
ers, and related items, have become col- 
lectors’ pieces—of special interest to 
amateurs since it is often possible to use 
them on the air today. 

The Norwegian Historical Radio 
Society, for instance, will be holding its 
second “clandestine” field-day on 28 
May, when it will be trying to contact UK 
amateur stations with original equipment 
as used by Resistance operators in Nor- 
way during WW2. In the USA, the 
Antique Wireless Association holds reg- 
ular ‘vintage’ events. Its members oper- 
ate transmitters and receivers dating 
back, in some instances, to the 1920's, 
and anything later than 1942 is desig- 
nated ‘‘“modern”’! 

Morse keys are, of course, still usable 
and since these go back to 1884—when 
Morse telegraphy was by wire rather than 








by wireless—there is a great interest 
among some amateurs in collecting these 
and using them for present-day com- 
munication. There is something quite 
fascinating in sending Morse on a 100- 
year old key and knowing that it is per- 
forming exactly the same function, and 
using exactly the same code, as it did 
when it was first used. 


CLOCKWORK MORSE 
An interesting link between landline 
and wireless telegraphy is a Morse code 
learning machine patented in New York 
in 1904. This is the Omnigraph, a clock- 
work driven instrument with a number of 
rotating discs. Each disc has saw-tooth 
projections cut on its edge representing 
different Morse signals. As the discs turn 
a moveable lever follows the projections 
activating an on-off switch which, in turn, 
keys a signalling circuit containing a buz- 
zer or other Morse receiving instrument. 

The lever moves from one disc to 
another to vary the order in which the 
Morse signals are received, and listening 
to them a beginner can learn the code. 
The speed is variable, and when the re- 
ceived signals become so familiar they 
can be anticipated the 15 discs can be 
taken off, shuffled or twisted around to 
new positions relative to each other, and 
replaced to provide a completely different 
code sequence. 

This was a serious learning instrument. 
Discs could be obtained in original Ameri- 
can Morse code for land-line operators, 
covering single letters, numerals, and 
punctuation as well as practice mess- 
ages. They were also available to teach 
the special codes and procedures used by 
the railroads, commercial, and press, 
telegraph networks. 

With increasing interest in new-fangled 
wireless telegraphy, discs were soon pro- 
duced for Radio code (International 
Morse as we know it today) and the Om- 
nigraph remained in use for quite a long 
time. It was still being sold to amateurs, 
and aspiring professionals, in the 1920's, 
when it was also used to administer the 
Morse receiving test for professional 
Radio Officers in America. 
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Realistic PRO-32 Programmable 200-Channel Scanner. 
Stay tuned to the action with this full-feature 
microprocessor-controlled scanner - all in a hand-held size. 
Scan up to 200 channels in these bands: 68-88 MHz VHF-Lo, 
108-136 MHz (AM) Aircraft, 138-174 MHz VHF, 380-512 MHz 
UHF. Features two scan/search speeds, easy-to-read LCD 
display, squelch control, priority function and lock-out key 
for bypassing unwanted channels. Built-in speaker and 
earphone socket. Requires 6 “AA” batteries. Memory 
backup requires 3 silver-oxide batteries. 
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HE PROFESSIONALS CHOICE 


Realistic PRO-38 Programmable 10-Channel Scanner. 
Listen to HAMs, VHF marine and much more! A 
compact-sized = microprocessor-controlled _ portable 
scanner with direct keyboard frequency entry so you'll 
never have to buy crystals! Features include LCD display, 
review key for displaying frequencies, keyboard-lock 
switch and squelch control for noise-free listening. With 
built-in speaker, earphone socket and handy belt-clip. 
Scan 10 channels in these bands; 68-88 MHz VHF-Lo, 
136-174 MHz VHF-Hi and 406-512 MHz UHF. Requires 
5 “AA” batteries. 20-9139 .........cceecccessessseesrereecreee £129.95 


Prices may vary at Dealers. Offers subject to availability. 


@ 


Tuning You Into A World Of Better Listening —————_—_—- 


Over 400 Tandy Stores And Dealers Nationwide. 
Tandy , Tandy Centre, Leamore Lane, Bloxwich, West Midlands. WS2 7PS. 
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MANAGEMENT 


Information Technology 
helps those who help 
themselves 





AKING the most of today’s complex communications 

ystems is not always as easy as the manufacturers 
would have us believe. Telecommunications and Information 
Technology (IT) are two of the rapidly developing industries. 
So much so that even specialists can find it difficult to keep 
pace with the unceasing influx of complex technologies. So 
what chance does an IT director or manager have of keeping 
on top of the situation? 

Regular financial audits ensure that a company’s accounts 
and book-keeping are as healthy as possible. More often 
than not the status and efficiency of the telecommunications 
system are ignored or overlooked. Yet this is an area where 
great savings can be made, while improving efficiency is 
a vital part of a company’s infrastructure. 


IRREGULARITIES 


When it comes down to the day to day running of a typical 
telephone or telecommunications system, whether large or 
small, the most surprising irregularities occur. Future foul- 
ups can only be guessed at, if the present day findings of 
a Buckinghamshire company are anything to go by. The 
company, Surecom, specialises in analysing telecomms net- 
works, in order to assess efficiency and plan improved system 
solutions. 

Monitoring and analysis have taken place in numerous 
companies, including some major telecommunications net- 
works. Stories of companies which have store cupboards 
full of unused phones for example, or of organisations where 
employees or students are actually running their own business 
when they should be otherwise employed, are apparently 
not pure myth. During its daily endeavours Surecom has 
liberated many skeletons from cupboards. 

At a leading telephone/mail order firm which takes 90 
per cent of its orders by telephone on 200 phones, the tele- 
comms manager discovered that 40 per cent of all calls were 
not being recieved or were just lost. Asked what he had 
done to rectify the problem he replied that he had written 
a memo to his boss six months ago but had not had a response 
and he had not persevered. In such a competitive environ- 
ment this suggests a lack of management motivation and 
control. By simply replacing the existing Auto Call Distri- 
bution system the manager could save both his company 
and his job. 

Then there is the case of a major market research company 
which operates a 64-line exchange.Following constant moni- 
toring of the telecommunications system, it became clear 
that only 16 out of the 64 lines were regularly in use. At 
a rough calculation this implies that the company unneces- 
sarily spent at least £50,000 on such a big exchange system. 

Yet another company allowed British Telecom to charge 
it for the rental of 200 phones which did not exist. Another 
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had been paying an exchange supplier a maintenance contract 
for seven years for work which was not carried out. 

One major telecomms manager admitted he could not 
put an accurate figure on his telecomms costs except to say 
it was between £10 million and £15 million a year. 


PERSPECTIVE 

Unhappily, the list of foul-ups is almost endless. Such 
problems do not excuse BT from being inefficient but they 
do put the situation into perspective. The key aspect of BT’s 
reputation is partially the responsibility of its customers. 
If Telecom’s service is as bad as some people claim, then 
surely the fault lies with the people driving the service. Too 
many people ignore the old adage ‘let the buyer beware’. 

The question is how can IT managers stop the rot setting 
in, or at least take preventative care. It is obvious that a 
comprehensive educational effort could be initiated on both 
sides of the fence. If BT’s recent advertising campaign is 
to be believed, one side of the fence seems to be covered. 
For the rest of us perhaps companies such as Surecom present 
a temporary solution. 


BLIND SPOT 

Telephones and IT equipment seem to have become a 
blind spot in many organisations, large and small. For 
example, a number of major organisations (typically the Civil 
Service) run regular clamp downs on expenditure like en- 
forcing the reuse of old envelopes and limiting numbers of 
notepads available, while at the same time allowing money 
to be frittered away on inefficient or even nonexistent phone 
systems. 

Part of the problem seems to be the fact that telecom- 
munications is principally an invisible activity and as such 
it tends to be ignored. Energy consumption used to suffer 
from the same problem because it was also largely unseen. 
Through a lot of Government sponsored publicity, energy 
conservation has been recognised by senior management and 
finance directors as being a serious source of money wastage. 
Unfortunately, communications has not achieved this thre- 
shold of awareness in many company boardrooms. 

There seem to be two common ways of approaching com- 
munications issues at board or senior management level. 
The first and most popular attitude is to ignore it whenever 
possible. The second approach is to be aware that it could 
be a problem but to panic over the decision making process 
through ‘techno fear’. 

“Tf you are going to invest in information technology equip- 
ment the key point is to ensure you manage it properly”, says 
Tom Yates, Surecom’s managing director. ““The management 
role should be considered as part of the communications 
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‘utility’ as far as the technology is concerned.’ Instead of 
shouting about the evils of British Telecom the real issue is 
the lack of knowledgeable management. The UK has failed 
so far to provide worthwhile training and education for 
would-be managers on the issues relating to telecommunica- 
tions and information technology. What is really required, 
and urgently, is a good basic education and training pro- 
gramme to be set up in the tertiary stages of education. 
Information technology is gravely in danger of reliving the 
numerous disasters of the dataprocessing revolution. Infor- 
mation should be regarded as a ‘utility’. Every time a com- 
pany changes its market it must change its communications 
technology and management strategy accordingly. If it fails to 
do so then inefficiency is guaranteed. Investment in IT is not, 
as it is often regarded, a luxury if you get it right; it is a 
compulsory business issue’’. | 


to plan their telecommunications activities correctly from 
the start. For example, too few actually assess their require- 
ments when they move into a new building. They fail to _ 
review their telecommunications needs regularly enough, if 
at all. A good telecommunications system provides a sound 
infrastructure to support fully all a company’s communica- 
tions requirements. A sensible policy would be for every 
company to audit its telecommunications system and equip- 
ment at least annually. 


Tom Yates is well known and respected in the fields of tele- 
communications and IT. Specially commissioned by the 
Government, he researched and wrote an independent report 
on System X and his many qualifications include representing 
Rolls Royce at Oftel. 

Surecom Ltd., are at Montague House, 23 Woodside Road, 
Amersham, Buckinghamshire HP6 6AA. Telephone: (02403) 


The case then seems proven, too many companies fail 


28083. 








OR those of us who are interested in 

robots and robotics it may come as a 
surprise to find -that the subjects are not 
given top priority at all levels of educa- 
tion. 

After all new technology is going to be 
the next big provider of jobs and pros- 
perity, if the Government is to be be- 
lieved. And money and effort has been 
put into spreading the word to schools 
through a variety of means, including the 
reduced cost of buying computers and 
the Microelectronics Programme. 

However not only are there people who 
have not yet heard the word, there are 
others who doubt whether the promotion 
of robots and robotics, particularly in 
schools, is of any value. 

Dave Doyle, deputy director of the 
Inner London Education Authority Design 
and Technology Centre, says that there 
are a number of teachers in the craft, 
design and technology area who feel that 
the main aim of the subject — problem 
solving to meet human need — can be 
satisfied within existing technologies 
without the need for electronics. That 
raises a number of questions in the area 
of teaching about robots and robotics, 
most of which relate to the definition of 
the subjects. 


DIVERSITY 

Doyle makes his comments in a re- 
cently-published book, which also goes 
some way to providing the answers. The 
book is a collection of papers under the 
general title of Teaching and Learning 
with Robots which shows the diversity of 
subjects covered by what is considered to 
be connected with robots. 

Almost everyone who attempts to give 
a definition of a robot comes up with 
broadly the same view that it is a pro- 
grammable mechanical device of some 
sort. However the machine is merely the 
taster for what is of real interest to those 
involved in education. 

Learning to build and work with robots 
sounds more interesting than control te- 
chnology and working with automated 
manufacturing systems. However once 
hooked by the buzzword, if the book is a 
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good guide, it is an easy matter to expand 
the subject while retaining the students’ 
interest, particularly those in school. 

For the most part it is the control tech- 
nology area in schools which is the more 
interesting part of considering the uses of 
robots in education and the book reflects 
this. In further and higher education the 
emphasis appears to be on preparing 
people to work in automated manufactur- 
ing. Out of 15 chapters there are only 
three which cover that. 

This reflects the differing uses to which 
robots are put. In schools they are a 
means to an end, in higher and further 
education they are an end in themselves. 


FASCINATING 

Control technology in schools makes a 
fascinating subject which would probably 
deserve a book on its own. As Doyle says, 
electronics has an attraction which if 
treated properly can be very rewarding. 
Unlike other CDT subjects like woodwork 
or metalwork, it does not come with a 
ready-built bias against girls and attracts 
pupils across the ability range, not just 
the less academic who were always as- 
sumed to be more practically minded. 

Also by its very nature of being a 
“new” and developing technology it up- 
sets the traditional distinctions between 
teacher and pupil, that of a learned per- 
son imparting knowledge. !n electronics 
or robotics the teacher becomes a guide 
as the pupils make their own discoveries 
with which the teacher may, or may not, 
be familiar. This of course places a strain 
on the teacher. They need to learn new 
skills and accept the fact that they do not 
have all the answers. | 

However, judged by some of the case 
studies in the book the rewards can be 
large. There can be nothing as fulfilling as 
the discovery that a child can possess 
hitherto unknown abilities. 

An example is given by Alan Giles, 
principal lecturer at the British School of 
Technology of Paul “a shy retiring pupil 
who made few friends’’. Teachers had the 
greatest difficulty in getting him to talk to 
them or the other children. However after 
making a candle which could flicker on 
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and off he could not stop talking of his 
success and there was a_ noticeable 
change in him. There are other examples 
in all the case studies. 

The key to this success is the engaging 
of the child’s imagination and making 
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- gure that interest is maintained. From the 


examples chronicled in the book it 
appears the first part is no problem the 
difficulties can arise in the second. Teach- 
ers must be able to ask questions or make 
suggestions at the right time and ensure 
that they have sufficient of the necessary 
components not to hinder development. 

That can be frightening, but the book 
not only gives studies of how others have 
coped but also gives more specific pro- 
jects to be tackled which can be used as a 
starting point. 


HARDWARE PATH 

Most follow the hardware path which is 
the essence of robotics, making the com- 
puter control physical activities. However 
Paul Chung of Edinburgh University sug- 
gests an alternative with the teaching of 
control applications through program- 
ming; the solving of the problems 
through working out a system required 
and preparing that system as a program 
rather than the pupils being distracted by 
details of the computer hardware, as he 
puts it. 

But those following the hardware route 
are by no means united in_ their 
approach., Some believe in the in-at-the- 
deep-end way with the learning of skills 
as and when they are required. Others 
take the preparation route with skills that 
will be needed later learnt at the 
beginning so that the momentum is not 
lost when the more complex work is 
tackled. 

But their uniting belief is that it is the 
thinking and doing which is more import- 
ant than the result. It is preparing the 
children to be adaptable in an ever- 
changing world. It could be any subject 
but at the moment robots and robotics 
have an advantage in being attractive. 

Teaching and Learning with Robots, 
edited by Colin Terry and Peter Thomas 
(Croom Helm £25). 
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In the last part we explained how readers should go about 
registering for assessment with a local centre and provided 
samples of the written and practical assignments which readers 
should now be ready to undertake. This month we shall return 
to the main theme of the course by introducing readers to the 
semiconductor devices which provide storage for programs 
and data within a microprocessor based system. 


LEARNING OBJECTIVES 
The general learning objectives for 

Part Five of Introducing Microproces- 

sors are that readers should be able 

to: 

(a) Understand the characteristics 
and applications of semiconduc- 
tor read-only memory (3.1). 

(b) Understand the characteristics 
and applications of semiconduc- 
tor random-access memory 
(3.2). 

(c) Understand memory maps for ty- 
pical 8-bit microprocessor based 
systems (3.3). 

(Note: City and Guilds module docu- 

ment reference numbers are shown 

in brackets). 
The specfic objectives for Part Five 
are as follows: 


3.1 SEMICONDUCTOR 
READ-ONLY MEMORY 


3.1.1 State why read-only memory 
is needed. 

3.1.2 Give examples of the use of 
ROM devices to implement 
read-only memories. 

3.1.3 Explain, in simple terms, the 
arrangement of a semiconduc- 
tor read-only memory cell ma- 
trix. 

3.1.4 Distinguish between mask- 
programmed or _fusible-link 
(PROM) and_ erasable-pro- 
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grammable (EPROM) devices, 
state typical applications and 
give relative costs. 

3.1.5 Explain, in simple terms, the 
process of programming 
mask-programmed, _fusible- 
link, and erasable-programma- 
ble ROM devices and explain 
the process of erasure. 


3.2 SEMICONDUCTOR 
RANDOM-ACCESS 


MEMORY 

3.2.1 State the need for read/write 
memory and_ distinguish 
between read/write memory 
and read-only memory. 

3.2.2 State that semiconductor ran- 
dom-access memory (RAM) 
provides read-write memory 
of a transient nature. 

3.2.3 State typical applications of 
random-access memory. 

3.2.4 Explain, in simple terms, the 
arrangement of a semiconduc- 
tor random-access memory 
cell matrix, and how it is 
accessed. 

3.2.5 Distinguish between static and 
dynamic RAM. 


MEMORY MAPS 

3.3.1 Explain the need for a memory 
map. 

3.3.2 Draw and interpret the me- 


mory map for a representative 
microcomputer system show- 
ing addresses in both decimal 
and hexadecimal form. 

3.3.3 Explain the allocation of total 
memory space available in a 
representative microproces- 
sor-based system. 


STORAGE 

All microprocessor-based systems 
require a means of storing their con- 
trol programs (or operating sys- 
tems), applications programs and 
data. Furthermore, the microproces- 
sor itself will require some means of 
storing transient data (e.g. variables 
used in a program) and implement- 
ing a stack. 

Storage may take a variety of diffe- 
rent forms including magnetic tape, 
magnetic disk, and semiconductor 
memories. Indeed, microprocessor- 
based systems are often designed so 
that they can take advantage of more 
than one storage method. A simple 
home computer, for example, will 
contain semiconductor memory 
devices to satisfy the needs of the 
microprocessor and to provide stor- 
age for a BASIC interpreter. The 
computer may also be able to save 
and load programs and data using 
an external cassette tape recorder or 
disk drive. 
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The types of storage device which 
are relevant to Introductory Micro- 
processors are the semiconductor 
read-only memory (ROM) and semi- 
conductor random access memory 
(RAM). These devices are both 
simple and compact. Furthermore, 
when compared with magnetic disk 
and tape storage, they offer very fast 
access times. 


Read-only versus 


read/write memory 

The term “read-only” applies to a 
wide variety of memory types and all 
provide permanent or semi-perma- 
nent storage and, whilst the contents 
of a read-only memory cannot nor- 
mally be changed, certain types of 
read-only memories may be re-pro- 
grammed. Read/write memories, on 
the other hand, allow both reading 
and writing to take place and their 
contents can be modified at will. 

Unlike magnetic disk and tape 
(which both exhibit -read/write 
characteristics), the data stored in a 
semiconductor read/write memory 
will, unless special precautions are 
taken in the form of a battery-backed 
supply, be lost when the power is 
switched off. Such memories are 
thus often said to be “volatile” 
Semiconductor read-only memories, 
on the other hand, are permanently 
programmed and thus are said to be 
“non-volatile” 


Random access memory 
Semiconductor read/write memory 
is usually implemented by so-called 
“random access’’ memories (RAM). 
The term ‘“‘random access” simply 
indicates that one can access stored 
data anywhere within the memory 
with equal ease. Readers should 
contrast this form of memory with 
the ‘‘sequential access’’ form of 
read/write memory provided by 
magnetic tape in which data is stored 
One item after another. 


SEMICONDUCTOR 
READ-ONLY 
MEMORY (ROM) 


Microprocessors require non-vola- 
tile storage for their control pro- 
grams and, where appropriate, 
Operating systems and _ high-level 
language interpreters. Since its con- 
tents will not be lost when the power 
is disconnected, this is an ideal appli- 
cation for a semiconductor ROM. 
Furthermore, if it becomes necessary 
to update the control program, oper- 
ating system or high-level language 
interpreter, it is possible to remove 
the ROM and replace it with a later 
version. 

We shall now briefly consider the 
characteristics of each of the most 
popular types of ser..’conductor 
ROM device: 
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Mask programmed read- 


only memories 

When large-scale production of a 
microprocessor based system is en- 
visaged (as is the case with a home 
computer, for example), the most 
cost-effective method of implement- 
ing read-only memory is with the aid 
of a mask programmed device. Such 
devices are programmed by the 
semiconductor manufacturer who 
uses a mask to determine the data 
that will be permanently stored 
within the chip. The programming 
information (used to generate the 
mask) is supplied to the semiconduc- 
tor manufacturer by the manufac- 
turer of the microprocessor-based 
system. 

Since the process is only cost-ef- 
fective for quantities in the tens of 
thousands, it should be obvious that 
the manufacturer of the micropro- 
cessor system needs to be very con- 
fident that the stored data and 
program is free from errors and will 
require no further modification. 


Fusible-link programmable 


read-only memories 

Fusible-link programmable read- 
only memories (PROM) are cost-ef- 
fective for medium scale production 
and are programmed by the equip- 
ment manufacturer rather than the 
semiconductor manufacturer. The 
PROM consists of anarray ._ of ni- 
chrome or polysilicon fuses (see Fig.. 
5.1(a)). These fuse links may be 
“blown” by applying a current pulse 
of sufficient magnitude to rupture 
the link. Programming takes a con- 
siderable time but the equipment re- 
quired is simple and_ relatively 
inexpensive equipment. 


BIT LINE 
OPEN - CIRCUIT 
DURING PROGRAMMING 


WORD LINE 


Fig. 5.1(a). Principle of the fusible- 
link PROM. 


BIT LINE 
SHORT - CIRCUIT 
DURING PROGRAMMING 


, aes 


WORD LINE 


Fig. 5.1(b). Principle of the blown- 
diode PROM. 





Often, early variants of micropro- 
cessor-based systems are supplied 
with PROM devices which are later 
replaced with mask ROM devices as 
soon as teething troubles and bugs 
have been eliminated and large scale 
production commences. 

An alternative to the fusible-link 
ROM is the “blown junction’’ ROM 
shown in Fig. 5.1(b). The operation 
of this type of ROM is similar to that 
of the fusible-link type but with the 
important difference that the diode 
junction is short-circuited rather than 
open-circuited during programming. 


Erasable-programmable 


read-only memories 

The programming of mask-pro- 
grammed and fusible-link memories 
is irreversible. Once programmed, 
devices cannot be erased in prep- 
aration for fresh programming. The 
erasable-programmable read-only 
memory (EPROM) can, however, be 
“wiped clean” allowing the device to 
be programmed and re-programmed 
many times over. 

EPROM devices are fitted with a 
window which allows light to fall 
upon the memory cell matrix. When 
this area is exposed to strong ultra- 
violet (UV) light over a period of sev- 
eral minutes, the stored data is 
erased. The EPROM may then be re- 
programmed using a low-cost device 
which supplies pulses of current to 
establish the state of individual me- 
mory cells. This process takes sev- 
eral minutes though some EPROM 
programmers can program several 
devices at once. 

EPROMS are ideal for small-scale 
production and software develop- 
ment. They are, however, relatively 
expensive and thus are inappro- 
priate for large-scale production. Ty- 
pical capacities for EPROMs are 
within the range 2K to 32K bytes. 

Readers may be forgiven for think- 
ing that EPROM devices are really 
forms of read/write memory. In a 
sense they are: but it is rather more 
important to make a_ distinction 
between these memories and “‘true” 
read/write memories (e.g. semicon- 
ductor RAM) in which _ individual 
bytes can be changed at will. 

Another important point is the 
time and ease with which a device 
may be re-programmed with data. A 
single byte of data can be accessed 
from a semiconductor RAM in a typi- 
cal time interval of 150ns. An entire 
8K byte RAM can have its data 
changed in a time. interval of 
8192x150ns (plus an_ additional 
overhead for the processor). This re- 
sults in a total programming time 
which can be measured in millise- 
conds. An 8K byte EPROM, on the 
other hand, may require several min- 
utes of programming not to mention 
the time taken for removal and eras- 
ure under UV-light! 
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SEMICONDUCTOR 
RANDOM ACCESS 
MEMORY (RAM) 


Microprocessors require access to 
read/write memory to implement 
stacks on which register contents 
can be stored during processing. 
Control programs and operating sys- 
tems also require access to RAM for 
temporary storage of data and sys- 
tem variables. A further area must be 
made available for the user to store 
his or her own programs and data. In 
addition, where a raster scanned dis- 
play is used, an area of RAM is 
usually devoted to a “screen me- 
mory’”’. With modern systems, this 
reserved area of memory is inva- 
riably “bit mapped” (i.e. each bit of 
“screen RAM” corresponds to a par- 
ticular pixel). The typical allocation 
of RAM on an 8-bit microcomputer 
might be as follows: 


Function Storage 
capacity Notes 
ystem 
variables 512 bytes A fixed address 
is used for each 
system variable 
Stacks 0-256 bytes Changes in size 
during 
program 
execution 
Screen 
memory 16K Bit-mapped 


screen 
User’s program 
and data Amount used 
depends upon 
individual 
program 


Up to 31.5K 


We shall continue by briefly des- 
cribing two different forms of semi- 
conductor RAM; static and dynamic. 


Static RAM 

Static memories are based upon 
bistable cell configuration as shown 
in Fig. 5.2(a). This configuration will 
remain in a “set” or “reset” state 
(storing a 1 or O) until changed or 
until the power supply is removed. 
The use of NMOS or CMOS (rather 
than conventional bipolar) tech- 
nology ensures that each cell con- 
sumes very little current and thus a 
very large number of cells can be 
present within a small area of inte- 
grated circuit. 


Dynamic RAM 

Dynamic RAM utilises the principle 
of charge storage within a capacitor. 
The simplified circuit of an NMOS 
dynamic memory cell is shown in 
Fig. 5.2(b). The charge stored in the 
capacitor, C, inevitably leaks away 
and thus dynamic memories require 
periodic ‘refreshing’. The process 
of refreshing a dynamic memory 
involves periodically reading the 
data stored and then writing it back 
to the memory. Some microproces- 
sors (such as the Z80) incorporate a 
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Fig. 5.2(a). Static memory cell con- 


figuration. 


Fig. 5.2(b). Dynamic memory cell 
configuration. 


means of refreshing dynamic mem- 
ories, alternatively the task can be 
consigned to a dedicated dynamic 
memory controller chip. 


MEMORY ORGANISA- 
TION AND STORAGE 
CAPACITY 


Read-only memories are, for obvi- 
ous reasons, “byte wide”’ (i.e. all 
eight bits stored at each location are 
contained within the same semicon- 
ductor device). Thus, a 4K byte 
EPROM would be organised as 4096 





words each of 8 bits and its total 
storage capacity would be 32768 
bits. 

A wide variety of semiconductor 
RAM devices is currently available 
with storage capacities ranging from 
as little as 4096 bits (1K wordsx4 
bits) to as much as 262144 bits (256K 
words 1 bit. 

Each location within a semicon- 
ductor memory, whether it be ROM 
or RAM, comprises a “‘cell’”’ at which 
a single bit of data (either a 1 or a 0) 
is stored. The memory cell matrix for 
a semiconductor RAM is shown in 
Fig. 5.3. The matrix comprises 64 
rows and 64 columns and thus has a 
total of (64x64)=4096 individual 
cells. 

The six least-significant address 
lines (AO to A5) are used to form the 
column address whilst the six most- 
significant address lines (A6 to A11) 
are used to form the row address. 
Note that the action of the column 
and row decoders is that of selecting 
only ONE of the column and row 
lines at a time hence a unique cell is 
addressed which corresponds to the 
binary pattern placed on the address 
lines. 

Fig. 5.3 also shows how data is 
transferred into and out of the me- 
mory cell matrix (by means of the 
column I/O) and how the active-low 
chips select (CS) and write enable 
(WE) lines are connected. 


Problem 5.1 
The data sheet for a semiconduc- 
tor memory device is shown in Fig. 
5.4. 
(a) State the type number of the 
device. 


Fig. 5.3. Memory cell matrix for a typical semiconductor RAM. 


CELL N° 64 


CELL N°0 


0 
an 6 2 eee 2 


CELL N° 63 


CELL. N° 127 


nee @ 2 i ees % 
[ae 2 2 i et Fe 


ROW DECODER 


MEMORY CELL 


MATRIX 
(4096 CELLS) 


A2 A3 A4 
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HM614'°7,HM6147-3 


HM614°7P,iM614 7P-3 


4096-word x 1-bit High Speed Static CMOS RAM 


MFEATURES 

@ Single 5V Supply and High Density 18 Pin Package 

®@ High Speed: Fast Access Time 55ns/70ns Max. 

@ Low Power Standby and Low Power Operation, 
Standby: 100uW typ., Operation: 75mW typ. 

@ Completely Static Memory — No Clock nor Timing Strobe 

Required 

No Peak Power—On Current 

No Change of ta cg with Short Chip Deselect Time 

Equal Access and Cycle Time 

Directly TTL Compatible — All Input and Output 

Separate Data Input and Output: Three State Output 

Pin-out Compatible with Intel 2147 NMOS STATIC RAM 


MBLOCK DIAGRAM 






As 
Az 
Ai 


Memory Matrix 
64 X64 
Ao 
As 
Ar 


Din Column 1/0 


Column Decoder 


O Dout 





0 O O 
As Aq As As Ato Att 


MABSOLUTE MAXIMUM RATINGS 


Voltage on Any Pin relative to GND* V 
Power Dissipation | Prof WwW 
Operating Temperature Cc 
Storage Temperature( Ceramic) Cc 
Storage Temperature( Plastic) °C 


* Vix min=—1.0V (Pulse Width S 20ns) 
MERECOMMENDED DC OPERATING CONDITIONS (0°C $TaS70°C ) 


Parameter 
Supply Voltage 


Input High (logic 1) Voltage 
Input Low (logic 0) Voltage Vie 
* Vii min= —1.0V (Pulse widthS20ns) 
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HM6147, HM6147-3 


HM6147P. HM6147P-3 


(Top View! 
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HN462716, HN4627716G 


2048-word x 8-bit U.V. Erasable and Electrically Programmable Read Only Memory 


The HN462716 is a 2048 word by 8 bit erasable and electrically 
programmable ROMs. This device is packaged in a 24-pin, dual-in- 
line package with transparent lid. The transparent lid allows the user 
to expose the chip to ultraviolet light to erase the bit pattern, 
whereby a new pattern can then be written into the device. 


@® Single Power Supply - -++ +5V +5% 
@ Simple Programming ---- Program Voltage: +25V DC 
Programs with One 50ms Pulse 


@ Static ------- see reese No Clocks Required 

@ Inputs and Outputs TTL Compatible During Both Read and 
Program Modes 

@ Fully Decoded-on Chip Address Decode 

@ Access Time --------:- 450ns Max. 

@ Low Power Dissipation -- 555mW Max. Active Power 

161mW Max. Standby Power 
@ Three State Output----- OR- Tie Capability 
@ Interchangeable with Intel 2716 


@BLOCK DIAGRAM 


OE CS, Power Down & 
= —* — ae 


Ao ~ Aio 
16384bit EPROM Matrix 





@ PROGRAMMING OPERATION 


CE OE Vee | Vee Outputs 
Mode (18) (20) (21) | (24) | (9~11, 13~17) 


Read Vir - Vit Dout 
Power Down Vin +5 High Z 


Program Pulsed Viz to Vin +25 Din 
Program Verify Viv Vit +25) +5 Dout 
Program Inhibit Vit Vin +25 High Z 


M ABSOLUTE MAXIMUM RATINGS 


Value 
0 to +70 












Operating Temperature Range 










Storage Temperature Range 


All Input and Output Voltages* 





Vee Supply Voltage* 
* With respect to Ground 
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HN462716 


HN462716G 


(DG -24B) 


M@PIN ARRANGEMENT 








(Top View) 
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(c) State the type of device. 

(d) State the organisation of the 

memory. 

State the number of the pin 

which is connected to the: 

(i) positive supply 

(ii) GND or OV 

(iii) least significant address line 

(iv) most significant address 
line 

(v) active-low write (WR) line 

(iv) address decoding logic 


=< 


(e 


A practical semiconductor 


read/write memory 

Fig. 5.6 shows the basic arrange- 
ment of a practical 16K byte semi- 
conductor read/write memory based 
on eight 6167 CMOS static RAM 
devices. Each 6167 RAM is organised 
on the basis of 16384 wordsx1 bit 
and thus eight 6167 devices will be 
required (one for each data bit). Note 
that address lines AO to A13 are com- 
mon to all of the RAM devices and 
that the active-low chip select (CS) 
line is driven from the address de- 
coder (not shown) which uses the 
two most significant address lines 
(A15) and (A14) as inputs to deter- 
mine which of the four 16K byte 
blocks of memory is actually being 
used. The problem of decoding the 
two most significant address lines is 
easily resolved using some fairly 
simple logic but this topic must be 
left for Elementary Microprocessors! 

The eight 100n capacitors shown 
in Fig. 5.6 provide decoupling of the 
+5V supply rail. To be effective, 
these capacitors are located close to 
the +5V and GND pins of each inte- 
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Fig. 5.6. A practical 16K byte semiconductor read/write memory. 


grated circuit. The penalty for not 
taking adequate care with decou- 
pling the supply rail is that unwanted 
noise and transients can result in the 
corruption of data. 


MEMORY MAPS 

Each location in semiconductor 
ROM and RAM must have its own 
unique address. At each address a 
byte (comprising eight bits) is 
stored. Each ROM, RAM (or bank of 
RAM devices) accounts for a particu- 
lar block of memory, its size 
depending upon the capacity of the 
ROM and RAM in question. 
Furthermore, I/O devices such as 
keyboards, VDU displays, parallel 
and serial ports may also be ‘‘me- 
mory mapped” into the micropro- 
cessor’s address space. As an 
example, a simple home computer 
may have 12K byte ROM, 4K bytes 
reserved for I/O, and 16K bytes of 
RAM allocated to addresses shown 
in the following table: 


Device Capacity Address Range 


(bytes) | Hexadecimal Decimal 
ROM 12K 0000-2FFF 0-12287 
/O 4K 3000-3FFF 12288-16383 
RAM 16K 4000-7FFF 16384-32767 
unused 32K 8000-FFFF 32768-65535 


A more meaningful way of expres- 
sing the allocation of addresses to 
RAM, ROM and //O is by means of a 
“memory map” along the lines of 
that shown in Fig. 5.7. Note that the 
map is drawn to scale with 
addresses ranging from OOOOH (at 
the bottom) to FFFFH (at the top) and 





that not all of the address space is 
populated (the upper 32K bytes of 
memory is unused and any attempt 
to read or write to this area would be 
unproductive!). 


Problem 5.3 

Fig. 5.8 shows the memory map 
for a microprocessor based system. 

(a) State the total amount of ROM 

available. 

(b) State the total amount of RAM 
available. 
If the ROM space is populated 
by devices each organised on 
the basis of 4096 words of 8 
bits, how many ROM devices 
will be present? 
If the RAM space is populated 
by devices each organised on 
the basis of 16384 words of 4 
bits, how many RAM devices 
will be present? 
(e) What is present at each of the 

following memory addresses? 

(i) OO7F hexadecimal 

(ii) 32767 hexadecimal 

(iii) 8001 hexadecimal 

(iv) 49150 decimal 

(v) 1111111110101000 binary 


SECOND PRACTICAL 
ASSIGNMENT 


Readers are now ready to under- 
take the second Introductory Micro- 
processors Practical Assignment. 
This assignment involves identifying 
semiconductor memory devices and 
investigating the memory map of a 
microprocessor-based system. The 
module objective references are 
3.3.2, and 3.3.3. 


atl 


(c 


(d 


— 


Everyday Electronics, March 1988 


ADDRESS 
(DECIMAL) 


y 65535 


Fig. 5.7. Memory map for a simple home 
computer. 


ADDRESS 
(HEX) 


ADDRESS 
(DECIMAL ) 


FFFF 65535 


Fig. 5.8. See problem 5.3. 


As before, the Practical Assign- 
ment must be undertaken at an 
approved local centre where candi- 
dates will be provided with supervi- 
sion and appropriate working 
conditions. Candidates should, how- 
ever, provide their own A4 note 
paper, pens and pencils. For its part, 
the Centre will supply candidates 
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with the necessary data sheets, 
books and handbooks. 

During the Practical Assignment, 
candidates will be required to use 
data sheets to determine the charac- 
teristics of one of each of the follow- 
ing semiconductor memory devices: 

(a) a mask-programmed ROM 

(b) a fusible-link ROM 

(c) an erasable-programmable 
ROM (EPROM) 

(d) astatic RAM 

(e) a dynamic RAM 

For EACH of your chosen memory 
types you should: 

(i) State the type number (e.g. 
2132} 

(ii) State 
name 

(iii) Sketch the pin-out and label 
the address, data and control 
pins (using standard con- 
ventions to clearly indicate the 
orientation of the device) 

(iv) State the storage capacity 
(e.g. 4K bytes) 

(v) State the organisation of the 
memory (e.g. 4K wordsx8 
bits) 

For the microprocessor-based sys- 
tem provided, you should read the 
documentation provided and draw a 
memory map for the system clearly 
showing: 

(i) Addresses at boundaries 
(stated in decimal and hexade- 
cimal) 

(ii) Areas occupied by ROM, 
RAM, and I/O (where appro- 
priate) 

(iii) Identify any areas reserved for 
special use (e.g. screen me- 
mory, system variables etc.) 


the manufacturer's 


Niarking 

Candidates will have satisfactorily 
completed this Practical Assignment 
if they can demonstrate success in all 
items marked with a square and at 
least THREE out of FIVE items 
marked with a circle in the list below: 


Completed within two 
hours 
Correct classification 
for each type 
Manufacturer identified cor- 
rectly for each type 
Correct pin-out with orientation 
information for each type 
Correct storage capacity 
for each type 
Correct organisation for 
each type 
Memory map shows addresses 
at boundaries 
Correct memory allocation 
Where candidates are deemed 
unsuccessful, a period of at least 
seven days must elapse before a re- 
take is permitted. This should give 
candidates an opportunity to prepare 
themselves. Note also that most 
centres will expect candidates to use 
different data sheets/books and 
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microprocessor-based systems for 
any further attempts. 


NEXT MONTH: We shall be dealing 
with methods for input and output of 
data from microprocessor-based 
systems. 


BACKGROUND READING 

The following background reading 
is recommended for Part Five: 

Chapter 6 (Semiconductor Memor- 
ies) of Practical Digital Electronics 
Handbook by Mike Tooley (Pub- 
lished by PC Publishing), ISBN 1 
870775 00 7. Available from the EE 
Book Service. See page 000. 


CORRESPONDENCE 


Comments and queries from read- 
ers are welcome and should be sent 
directly to the author at the following 
address: 

Department of Technology, Brook- 
lands Technical College, Heath Road, 
Weybridge, Surrey KT13 8TT. 

Please include a stamped 
addressed envelope (and be pre- 
pared to wait a little!) if you require 
an individual reply. General queries 
will be dealt with in ‘Readers 
Forum” which will next appear in 
Part Nine of the series. 


GLOSSARY 
FOR PART FIVE 


Address decoder 

A decoder which selects a_ specific 
address or field of addresses to enable 
unique devices. 

Erasable programmable read only 
memory (EPROM) 

A programmable read-only memory 
that can be erased and reprogrammed. 
Most EPROM devices can be erased by 
exposing them to ultraviolet (UV) light. 
Memory map 

A drawing or table which shows the 
address assignments for each device in 
the system. 

Memory mapped I/O 

Input/output devices that are accessed 
using the same group of instructions and 
control signals as used by the memory 
devices (RAM and ROM) present in the 
system. The memory and |/O devices 
thus share the same address space. 
Non-volatile 

Property of a memory in which data is 
not lost when the power supply is re- 
moved or disconnected. 

Read/write memory 

Memory in which data can be read 
from or written to. Semiconductor RAM 
is an example of read/write memory. 


ANSWERS TO PROBLEMS 
The answers to this month’s 


problems are shown on 
page 1/714. 
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Recent discoveries of new materials which lose all electrical 
resistance when cooled promise to open up new fields in electronics. 


7 first superconductors -—dis- 
covered many years ago by a 
Dutch researcher—were just me- 
tals. Lead, for instance, loses its 
resistance when cooled to liquid helium 
temperature, just a little above absolute 
zero. The discovery of superconducti- 
vity seemed to offer the prospect of 
electrical ‘machines with greatly in- 
creased efficiency. An electric motor 
or generator wound with superconduc- 
tive wire would have no “copper loss’. 
Hopes were dashed by the discovery 
that superconductivity was destroyed 
if the superconductor was immersed in 
a magnetic field of moderate strength. 
This meant that the resistance of a 
superconducting winding would be re- 
stored as soon as enough current flowed 
through it to create a moderate mag- 
netic field. In time, however, alloys 
were discovered—notably niobium-tin— 
which remain superconductive even in 
high fields. Niobium-tin wire or tape 
is used nowadays for the coils of very 
powerful electromagnets. No resistance 
means no power consumption. A cur- 
rent, once started, will flow for ever 
in a short-circuited winding. Of course, 
it is still necessary to expend energy 
in keeping it cool. Liquid helium 
refrigeration doesn’t come cheap. But 
it’s still worthwhile in some applica- 
tions. 


ACTIVE DEVICES 


Low-temperature research began to 
yield discoveries which opened up start- 
ling new possible applications for super- 
conductivity. These included the 
Superconductive computer. This 
depends on the fact that by turning 
resistance on or off with a magnetic 
field, gates can be made. If you have 
gates you can make computers. 
Another application stems from the 
possibility of using the sensitivity of a 
superconductor to a magnetic field as 
a means of detecting and measuring the 
field itself. In time, an active device 
called a SQUID was invented. SQUID 
is an acronym for Superconductive 
Quantum Interference Device. For 
practical purposes, a SQUID is just an 
extremely sensitive detector of mag- 
netic fields. A SQUID placed near the 
skin, over an artery, has been used to 
measure the flow of blood through the 
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artery. Blood, since it contains iron, 
is Magnetic. 

Other SQUID applications have been 
proposed. One is to detect radio waves, 
by responding to the magnetic field of 
the wave. 


TOO COLD 
FOR COMFORT 


The need to operate at liquid helium 
temperature was a great hindrance to 
these low-power applications. It’s all 
very well to install a helium refrigerator 
for a large machine like a big particle 
accelerator but it is an embarrassment 
to have to do so for a compact com- 
putor. For this reason the superconduc- 
tive computer, though shown to be 
feasible, never got off the ground. Now, 
however, things are changing. IBM, 
who had done much of the research, 
announced about a year ago that their 
laboratories had discovered a new 
superconductive material, capable of 
working at temperatures around minus 
196 degrees C. This is still very cold, 
BUT liquid nitrogen boils at —196 de- 
grees C and can therefore be used as a 
coolant. 

Unlike liquid helium, which is very 
expensive and difficult to handle, liquid 
nitrogen is cheap and easy to handle. 
At a recent demonstration at the Royal 
Society in London, scientists from Bir- 
mingham University kept a supply of 
it in ordinary vacuum flasks (the kind 
you keep coffee in). When one of their 
superconductivity demonstrations 
stopped working because its liquid 
nitrogen had evaporated they simply 
topped it up from a flask. 


CERAMICS 


The new superconductive materials 
are quite unlike the traditional ones. 
Instead of metals, black ceramic 
materials are used. Chemically they are 
combinations of the oxides of several 
elements. A key constituent of the IBM 
compound was lanthanum, but more 
recent research at Houston, Texas has 
shown that yttrium compounds can also 
superconduct. The one being used at 
Birmingham is yttrium barium copper 
oxide, chemical formula YBa2Cu307. 
It is made by grinding up suitable con- 
stituents then sintering them at about 
950 degrees C: quite a simple process. 


You end up with a piece of black, 
rather brittle and hard material. Not, 
on the face of it, the sort of thing which 
can be made into wire. Fortunately the 
material can, if properly treated, retain 
its properties even when ground to a 
powder. To make wire, you pack a cop- 
per pipe with the powder then reduce 
the pipe’s diameter by a wire-drawing 
process. A final heat treatment makes 
the now fairly thin wire ready for use. 


APPLICATIONS 


If you take a block of copper and 
move it into the field of a powerful 
magnet you can feel the copper being 
repelled by the magnet. This seems . 
surprising, since copper is not a mag- 
netic material. The explanation is that 
motion of a conductor (the copper 
block) through a magnetic field causes 
electromotive forces to be created in 
the conductor. These drive currents 
through the conductor which in turn 
produce a magnetic field. This second- 
ary field opposes the primary field of 
the magnet itself. Hence the repulsion. 

The effect has been used in vehicles 
to make ‘eddy current brakes”. It is 
also the basis of a school physics exper- 
dment in which a magnet, held near the 
metal bob of a swinging pendulum, 
damps down the swinging. Transferred 
to the field of superconductors this ef- 
fect produces a spectacular result. Place 
a magnet on the table, move a block 
of superconductor above it and let go. 
The block floats in the air above the 
magnet. The induced currents, once 
started, go on undiminished for ever— 
or at any rate until the block warms 
up and stops superconducting. So the 
block floats at a point where its own 
field just produces enough repulsive 
force to support it. 

The practical use of this physicist’s 
parlour trick could be to make friction- 
less bearings (Fig.l). An axle carrying 
a rotor is supported by two blocks of 
superconductor floating in the field of 
a magnet. If the whole assembly were 
in a vacuum (to avoid air resistance) 
friction in the ordinary sense would be 
eliminated. There are plenty of 
potential applications (including gyros- 
copes for inertial navigation) which 
could benefit from such an arrange- 
ment. 
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MAGNET 


Fig.1 Frictionless bearings exploit the re- 
pulsion of a superconductor by magnetic 
field. Here the two cylinders of supercon- 
ductive material float above the magnet, 
allowing the rotor to turn without any 
of the normal bearing friction. 


ELECTRICAL USES 


Apart from the obvious attractions 
of no-resistance windings for magnets 
and motors, superconductors have a 
place in areas more familiar to the 
classical electronic engineer. Any trans- 
ducer which involves magnetism—and 
these include moving-coil microphones 
and sound generators—could, in prin- 
ciple, benefit from the use of supercon- 
ductive windings. It would, of course, 
be inconvenient to operate domestic 
equipment at liquid nitrogen temper- 
ature, so the superconductive hi-fi 





speaker is unlikely. But there may be 
specialised areas, such as sonar, where 
the improved performance repays this 
inconvenience. 

One intriguing possibility is the 
superconductive, miniature radio ae- 
rial. Any radio engineer will tell you 
that an aerial can only be efficient if 
its dimensions bear some close approxi- 
mation to the wavelength. A typical 
example is the dipole aerial, which 
works best when half a wavelength 
long. Attempts to shorten it result in 


Fig.2 In a superconductive loop aerial, 
the resistance of the loop wire and the 
r.f. generator would be reduced to zero, 
allowing large currents to circulate with- 
out ohmic losses. 





reduced efficiency. A one-tenth wave- 
length dipole is a terribly bad launcher 
of radio waves. 

Despite this, engineers have also 
known for a long time that reducing 
aerial size to a small fraction of a wa- 
velength would be theoretically possible 
if only resistance could be eliminated. 
Take for instance a single-turn loop ae- 
rial (Fig.2). A tiny loop, much less than 
a wavelength across, could in theory 
radiate as much energy as you want. 
It’s just a question of increasing the 
circulating current sufficiently. What 
stops you from doing so is the resistance 
of the loop and of the generator which 
feeds it. If these resistances could be 
eliminated by using superconductors 
then the applied energy would all be 
radiated instead of dissipated in the 
internal resistance R (Fig. 2). Promising 
experiments have already been done 
at 300MHz. 


FURTHER OUTLOOK: 
WARMER 


The race is on not only to exploit 
liquid-nitrogen temperature supercon- 
ductivity but to discover new materials 
that superconduct at even higher tem- 
peratues. Ideally, they would supercon- 
duct at ordinary room temperatures, 
so that no cooling at all would be 
needed. Whether that is _ possible 
remains to be seen. In the meantime 
the new so-called high temperature 
superconductors will certainly make 
fortunes for people clever enough and 
quick enough to exploit them. 





New Book 


Title: Practical Digital Electronics Handbook; Author: 
Mike Tooley; Pages: 208; Format: 216 x 138mm; Illustrated: 
100 line drawings; ISBN: 1 870775 00 7; Price: £6.95. 


We are pleased to bring you this new book; published in association 
with PC Publishing it has been reprinted and updated from the Digital 
Trouble Shooting series published in EE. 


The vast majority of modern electronic systems rely heavily on the application of 
digital electronics, and the Practical Digital Electronics Handbook aims to provide 
readers with a practically based introduction to this subject. The book will prove 
invaluable to anyone involved with the design, manufacture or servicing of digital 
circuitry, as well as to those wishing to update their knowledge of modern digital 
devicesandtechniques. = fff 8 

The book introduces digital circuits, logic gates, bistables and timers, as well as 
microprocessors, memory and input/output devices, before looking at the RS-232C 
interface and the |EEE-488 and IEEE-1000 microprocessor buses. 

A special feature of the book is the section on digital test gear projects, and the 
pina emphasis is continued with appendices on test equipment and useful reference 

ata. 
Contents: 
Introduction to integrated circuits; Basic logic gates; Monostable and bistable 





PCP 


devices; Timers; Microprocessors; Memories; Input and output devices; Interfaces; The b ) ~ ae 
Microprocessor buses; Appendix 1: Data; Appendix 2: Digital test gear projects; Tools FE ook IS aVailab] igen 
and test equipment, Regulated bench power supply, Logic probe, Logic pulser, Book Serv; e thr Ough the 


Versatile pulse generator, Digital |C tester, Current tracer, Audio logic tracer, RS-232C 
breakout box, Versatile digital counter/frequency meter. Appendix 3 The oscilloscope; 
Appendix 4 Suggested reading; Appendix 5 Further study. 
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Part 21 More computer maths 


a 


HE chips used in microcom- 

puters and pocket calculators 

have many Full Adder circuits 
(see last month) connected so as to per- 
form all the arithmetical operations that 
are needed. There are hundreds of 
gates on the chip. 

The advantage of these very compli- 
cated circuits is that they work very 
fast. They give a result in a few nanose- 
conds, so that we can perform hundreds 
of stages of a very long calculation in 
a reasonably short time. Their other 
advantage is that they do not make mis- 
takes. 

In our Simple Adder demonstration 
project we use a much simpler i.c. that 
can add two binary numbers together, 
each number having four digits. A num- 
ber that has four binary digits is said 
to be a four BIT number. We call this 
i.c. a 4-bit adder (Fig. 21.1). It has a 
Carry-in input, so the biggest addition 
it can do is to add 15 plus 15, plus 1 
carried in, to give a total of 31. 

This may not seem much compared 
with what a cheap calculator can do, 
yet the i.c. needs 43 logic gates to per- 
form this relatively simple task. The 
gates, consisting of over 150 transistors, 
150 resistors and 40 diodes, are all on 
the single chip of the 7483. 


This series is de- 
signed to explain the 
workings of electronic 
components and circuits 
by involving the reader 
in experimenting with 
them. There will not be 
masses of theory or for- 
mulae but straightfor- 
ward explanations and 
circuits to build and ex- 
periment with. 





Fig. 21.2. Circuit diagram for the demonstration Simple 4-Bit Adder (A+B). 


eerste 
SIMPLE ADDER 
SL 








The demonstration circuit diagram 
for a Simple 4-Bit Adder is shown in 
Fig. 21.2. Building and operating this 
rather basic summing circuit will help 
you understand how your pocket calcu- 
lator works. The breadboard compo- 
nent layout and wiring (Fig. 21.3) looks 


Fig. 21.1. How four adders are connected to add two 4-bit numbers. AO, Al, A2, A3 
are the four digits of number A, where AO is the least significant (right-most) digit. 
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rather complicated, but it would be 
even more complicated if you had to 
build and connect together 43 individual 
gates! 

The i.c. has nine inputs, four for the 
4-bits of number A, four for the 4-bits 
of number B and one carry-in bit from 
an earlier stage of addition (if any). 
To begin with “ground” the carry-in 
pin (pin 13) by plugging it into one of 
the sockets in the bottom row, so that 
Carry-in is at logic ‘‘0”’. 

The inputs to the adder are either 
connected to +6V (high=1, top row 
sockets) or connected to 0V (low=0, 
bottom row sockets). Try plugging A1, 
A3, BO and B1 into the bottom row 
(OV) and the others into the top row. 
This is the equivalent of giving A the 
value 1010 and B the value 0011. 

The result of this addition is 1101, 
which is indicated by the state of the 
five l.e.d.s (D1-DS5). Fig. 21.4 shows 
the logical situation. 

Try setting up these additions on the 
circuit and see if you get the result you 
expect. 


1001 0101 1011 1111 
+0010 +0101 +0001 +0001 
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If you want to add numbers with 
more than four digits, you can do it 
in stages, 4-bits at a time. For example 
try adding: 

00011100 


+ 10101001 


First set up the circuit to add the 
4-bits to the right (the least significant 
bit). You get the answer 10101, in 
which the carry bit is “1”. Before you 
go on to add the four most significant 
bits write down the answer obtained 
so far, which is 0101, carry 1. 











Fig. 21.4. Adding two 4-bit numbers (see 
text). 


For the second stage of the addition, 
the high carry digit is taken care of by 
joining the carry-in input (pin 13) to 
the 6V line. Set up the circuit to sum 
the remaining digits 0001+1010 (plus 
the carry-in, which is already set). The 
answer indicated on the lamps is 1011. 
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COMPONENTS “37225 | 






Resistors 
R1-R5 180 (5 off) 
All 0.25W 5% carbon 






Semiconductors 
D1-D5 TIL209 |.e.d. 
(or similar) 
(5 off) 
IC1 7483 4-bit 
binary 
Full Adder 
IC2 7400 quad 
2-input 
NAND gate 
(see text) 


See page 158 


Miscellaneous 
Breadboard (e.g. Veroblock); 
connecting wire and 5V to 6V 


supply. 


Approx. cost 


Guidance only £7 each 


Write this in the four spaces left in the 
answer line. This gives the final result: 


00011100 
+10101001 


10110101 


By using this method numbers with 
any reasonable number of digits can 
be added step by step. The same thing 
could be done in a single stage by using 
two 7483’s and wiring the “‘carry-out”’ 
of the first to the ‘“‘carry-in” of the sec- 
ond. 


SUBTRACTING 

No, there is no such thing as a sub- 
tractor i.c. But by a simple way of play- 
ing with the digits we can perform 
subtraction using an adder circuit. This 
is because of a useful property of binary 


MOLT ELIE Le 
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Fig. 21.3. Demonstration breadboard 
component layout for the Simple Adder. 
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_CARRY IN 





Fig. 21.5. Converting the adder of Fig. 
21.2 and 21.3 into a subtractor; replace 
“B” wiring as shown and alter carry-in 
wire; leave “A” wiring and |.e.d.s as in 
Fig. 21.3. 


numbers. If we want to subtract 0110 
from 1010 for example, the first thing 
we do is find the complement of the 
number we want to subtract. .The 
complement of a number is obtained 
by writing a “0” for each “1” and a 


“1” for each “0”. So the complement 
of 0110 
is 1001 
To perform the subtraction: 
1) Write down the number to be taken 
away from 1010 
2) Write down the complement of the 
number that is to be taken away 
1001 
3) Write down “1” 1 
4) ADD these three together and cross 
out the Sth (carry) digit, if any 
X0100 
5) What is left is the answer to the sub- 
traction 0100 
This works with all binary numbers 
and is an easy task for the adder i.c. 
To make it take B from A we need 
to obtain the complement of B. 


This is done by inverting each digit 
of B. We use a 7400 with its four gates 
wired as INVERT gates (Fig. 21.5). 
To provide that extra “1” that has to 
be added, we connect the carry-in input 
(pin 13) to the 6V line. We remove 
the DS LED, as this is not required 
in the answer. The diagram shows the 
adder performing the subraction given 
in the example above. 

Try this circuit with these sub- 
tractions: 

1001 0101 1000 1000 

—0010 -—0101 -—0001 —0111 


OT SERN 


MULTIPLICATION 
AND DIVISION 


If we want to calculate the product 
of 4x5, for example, we can set this 
out as an addition: 

4x5=54+54+5+5=20 
We add 5 to itself 4 times. Multipli- 
cation is simply repeated addition. 
When we ask a computer or calculator 
to multiply, it is programmed to obtain 
the product by using its adder several 
times. 

Division is basically a matter of sub- 
traction. To divide 16 by 5, for example: 


We first take 5 from 16 16—5=11 
Take 5 from what is left 11-—5=6 
Repeat this 6—5=1 


Now only 1 is left and the result of 
the next subtraction would be less than 
zero. We can subtract 5 from 16 three 
times, leaving 1. In other words 16 div- 
ided by 5 is 3, remainder 1. 

A computer is programmed to per- 
form this operation automatically— 
using its adder to perform the 
subtractions. Thus the adder is the basis 
of all calculations performed by a com- 
puter or pocket calculator. 


Next month: An I.C. Radio using 
the ZN414 radio chip. 
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MINIATURE 



















© 12 metre detection range. 
© Size only 80x60x40mm. 
© 24 Detection zones. 

e Wide 85° coverage. 

© Switchable LED indicator. 


CA 1250 LOW COST 
ALARM CONTROL 
MODULE 


This tried and tested Control unit represents 


ul 


Accessories 


This versatile module 
ides timed 


prov 
switching of loads 
up to 3A for pre-set 
times between 
















10 secs and 5 mins, 





onty £13.95 + vat 





DP 3570 LIGHTING CONTROLLER 







supply 
is available for operating extemal sensors. 
Suitable plastic enclosure £2.85 + VAT. 
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BY INSTALLING YOURSE F 


FL 500 
QUARTZ 
HALOGEN 
FLOOD 
LIGHT 


Whilst intended for security lighting 
applications, this unit is suitable for 
lighting patios, pathways and gardens etc. 
Supplied complete with SOOW lamp. 
Protective grill, £1.95 + VAT. 


Only £14.95 + vat 















































IR 1470 - 50ft. INFRA-RED BEAM SYSTEM 


Consists of a separate transmitter & receiver, the system 
provides an invisible modulated beam which when broken 
operates the built-in relay. For use with security systems, but 
also ideal for photographic purposes and industrial 


applications. Size: 80x50x35mm. Onty £25.61 + vat 





This advanced new intrusion 














installati Separate relay 
for extemal toads » Test oop tect. 


Price £19.95 + var 











and consuming only 15mA, it is ideal 
poibmt atelier eo quali 

control unit. Supplied with ful 

Compares with Genectovs 






1 US 5063 DIGITAL ULTRASONIC DETECTOR 
‘© 3 levels of discrimination against false alarms © Crystal 
control for greater stability ¢ Adjustable range up to 25ft 





























CA 1382 ADVANCED CONTROL UNIT that’ 7 Ube tai ee 
at's module uses digi wee 
simple to install and operate. signal processing to provide the 'é @ ULTRASONIC MODULE 
highest level of sensitivity whilst 
° a 4 pe discriminating against potential - 
Audible entry/exit warning. false alarm conditions. 
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Only £13.95 + var 



















COMPLETE SYSTEM 


Dept. EE3 
51 Poppy Road, 









soinjoma meg cctarcry imtecmm on | from £39.95 + VAT Bilas 

Such, fo bealy cosrabad by ak moabers Of ie tani) Full range of accessories 

eT Saad en ines eae oe : 
Write or telephone for ese pe. Pag Ber oe 

Onty £44.95 + vat Sunt shectrordes, E055 NAT. full details 7 ORDER BY MAIL Pvisa Rvs] % Fel (084 44) 6321 
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FULL TECHNICAL ADVISORY SERVICE 
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including VAT and postage 


A complete soldering package at a 
very special price. This Everyday 
Electronics offer comprises: an 
Altai 15W slim soldering iron, an 
Altai soldering iron stand with 
sponge bit wiper, an antistatic high 
suction desoldering pump _ with 
automatic ejection, a “helping 
hands” unit—fully adjustable with 
twin crocodile clip holders; all this 
plus a 72 Kg. reel of 18 s.w.g. multi- 
cored solder—enough for a whole 
year of project construction. 


Don’t miss this special EE offer. 


Post the coupon with your cheque or postal 
order to: Bryant Electric, 5 Belle Vue Terrace, 
Gilesgate Moor, Durham DH1 2HR. Tel. 091 
3864500. 
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Please supply 
Quantity Value 














| 
| Soldering Kits @ £20.94 each | 
| Overseas readers Total£ | 
postage is included 
| Please make cheques payable to Bryant Electric 
| | 
| i Cheque NO.....csscssceecsesseesesseseeeeesesseeesensenseeseeeseeateseeseesensens | 
|< SIGMALUNG oie cis cdectvenesxctannsansbiunessstacrevinedonsyacarniaa lensed. 
FE . 
v NN APAG i hhglin heir icetneaavenn sss biG antecsarsataetateeierennaesae teins | 
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|= | 
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3 OFFER CLOSES Thursday, March 31, 1988 | 
| MING co verchissi ier dcscsswinsteticisishscipoay niin sepa | 
| BOGGS circksikscvccduccstewnxavensancaiadedeiianselacdsounicgesateeee: | 
| Post to: EE Offer, Bryant Electric, 5 Belle Vue Terrace, | 
Gilesgate Moor, Durham DH1 2HR 
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TALK 


Component Buying 

Over the last four to six months our 
“mailbag” has shown us that there are 
many new entrants into the world of elec- 
tronic construction, as a hobby or a future 
career. So this month we should like to 
make a couple of points about compo- 
nent purchasing. 

It would appear that the majority of 
constructors obtain their components by 
mail order. Therefore, the first step 
should be to obtain as many catalogues 
as possible from different advertisers. 

As well as listing components and 
equipment, most catalogues contain use- 
ful data and certainly at least three should 
be purchased. We suggest that one of 
these should be purchased from your 
nearest stockist so that you can always 
make a personal call at the advertiser's 
shop to get to know his stock. 

The charge for catalogues varies from 
the price of a stamp to about £1.60. In 
most cases the outlay for catalogues is 
redeemable with component order 
vouchers or it contains a selection of 
“special discount lines’’ which will 
usually cover the price of the catalogue. 

It is important to study these catalo- 
gues as it will help constructors to fam- 
iliarise themselves with components and 
typical sizes and values usually stocked. 
Also, it can save money when looking for 
the more unusual devices. 

When ordering from a catalogue al- 
ways follow any instructions contained 
therein. Most contain an order form on 
which the stock number, quantity and 
price should be entered clearly. To help 
cut down on the number of mis-directed 
parcels always print name, address and 
post code in biock capitals. 

If an order form is not supplied, always 
follow the recommendation given in the 
particular Components List contained in 
the published article and try to use types 
specified. If in doubt, cut out the list or 
better still make an exact copy and send 
this to the advertiser, including the title of 
the project and issue date it appeared. 


Catalogue Received 

Over the years we have often used the 
name of Maplin when recommending a 
standard for electronic supplies catalo- 
gues and a mail order service par excel- 
lence. 

We see from their latest mammoth 512- 
page offering that they have installed a 
new, super fast, computing system; intro- 
duced their own Mapcard credit card sys- 
tem and improved their Cashtel ordering 
from home, via a home computer sys- 
tem. Cashtel stands for Computer Aided 
SHopping by TELephone and all you 


158 








i 
b 


BY DAVID BARRINGTON 
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need is a modem and interface for your 
computer to be able to use their service. 

This year they have introduced a new 
“Radio Control” section which lists com- 
plete systems, such as the Apache racer 
cum buggy, to servos and R/C crystals. 
Another section which appears to in- 
crease with each edition is the ‘‘Connec- 
tors” listing. This time it contains 34 
pages with probably the largest addition 
of ‘‘new”’ items. 

In the latest edition is a half-price offer 
for a Digital Watch Kit for the sum of just 
£1. Copies of the Maplin 1988 Compo- 
nents Catalogue (£1.60) should be avail- 
able from most big W. H. Smiths shops or 
direct from Maplin Electronic Supplies. It 
is also available from any of their compo- 


‘nents shops. 


One Valve Radio 

As with most early radios, the One 
Valve Radio featured last month must 
have a good aerial and earth if it is to give 








reasonable reception. For best results the 
designer recommends that the aerial 
should comprise of around 30ft of insu- 
lated wire slung between the house and a 
tree or clothes post. 

A shortwave aerial kit and accessories, 
ideal for outdoor hookup, is available 
from Tandy shops. The kit (code no. 
278758) includes 75ft of copper antenna 
wire, 50ft lead-in wire, window feed- 
through, insulators and complete instruc- 
tions. 


Introducing Microprocessors 

Readers who have been following our 
highly popular City & Guilds 726 pro- 
gramme-:on Introducing Microprocessors 
may be interested in some news we have 
received from two |TeC Centres. 

The Rochdale ITeC Centre inform us 
that they are fully accredited by C&G, and 
as such, they would be willing to under- 
take local assessment for any readers in 
their area. Being linked to the Open Col- 
lege, their staff are fully experienced in 
dealing with students who are using re- 
mote learning materials. 

Dependant on demand and other train- 
ing commitments they are considering 
setting up a ‘‘Workshop” type of meeting, 
possibly on Saturday mornings, where 
students can meet to discuss their prob- 
lems and obtain tutorial help. Obviously, 
a nominal charge will have to be levied 
but we understand that this will be kept to 
a minimum. 

For further details contact Alwyn Davis 
at Rochdale ITeC on 0706 350600. 

Another centre that is prepared to offer 
similar facilities is Borders Information 
Technology Unit of Galashiels, Scotland. 
They have also informed us that they are 
also prepared to offer assessment assis- 
tance in completing the 726 module. 

Borders ITeC intend providing practical 
and written assessment at Galashiels, 
Peebles, Kelso, Eyemouth and Hawick. 
For further information on how to join 
one of their study groups contact Ewan 
Davidson at Borders ITeC on 0896 56461, 
56512/17. 


CONSTRUCTIONAL PROJECTS 

This month we expect very little com- 
ponent sourcing problems for most of 
our constructional projects. In fact, most 
of our advertisers should be able to 
supply the items called for in the compo- 
nents lists “off-the-shelf”. 


SOS Alert 

The choice of relay for the SOS Alert is 
left to the constructor, but the switching 
contacts MUST be capable of handling 
the loads used. This is particularly 
important if switching mains lamps. 

The voltage range at which the relay 
will operate also governs the power 
supply to the circuit. 


Semiconductor Tester 

The only component called for in the 
Semiconductor Tester that is likely to 
cause sourcing problems is the voltage 
reference device. 

The 1.2V temperature compensated 
8069 Voltage Reference i.c. is currently 
listed in the Maplin catalogue for the sum 
of £1.95, quote order code YH39N 
(8069CCZR). The printed circuit board is 
available from the EE PCB Service, code 
EE594 (see page 1190). 
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Constructional Project 


ENVELOPE 





SHAPER — 


RUSSELL G. PAYNE 


_———.. 


Keyboard players and guitarists are 
sure to make a big impact with this low 
cost sound effect box 


LTHOUGH there are a_ large 

amount of devices on the market to 

enhance (or disguise!) the guitar- 
ist/keyboard players’ sound, the author has 
not come across this device in the shops—at 
least not in such a simple and inexpensive 
form as this one. The effect produced is best 
described as that obtained by playing a tape 
backwards—the natural ‘‘envelopes” (or 
waveform profiles) are all reversed. 

Hence a guitar, for example, with its natu- 
ral short sound rise time and long fall time 
would sound more like a violin, with its long 
attack time. Some players produce this effect 
simply by winding the volume control up and 
down. 





ENVELOPE SHAPING 

Envelope shaping, as this technique is 
called, has been around for a long time: 
commercial envelope shapers giving control 
over attack, decay, sustain and release times 
(see Fig. 1), are available but are inevitably 
expensive and often over-complex. 

This circuit, which generates the ‘‘reverse 
attack” effect can be considered to be a 
simple form of envelope shaping; in the 
terms of Fig. 1, the attack time is variable; 
the release time is a fixed short period and 
the sustain and decay periods follow the 
input waveform envelope. 

There are easier ways to produce this ef- 
fect without actually tape-recording the 
sounds and reversing them, or wearing out 
your volume control. This project employs 
an op-amp whose gain is varied to ‘“‘ampli- 
tude modulate”’ the incoming waveform. 

Op-amps are convenient to use here, be- 
cause their gain can be changed by varying 
either the feedback or the source resistor. In 
this circuit, a field effect transistor (f.e.t.) is 
used as a variable resistor inserted as one of 
the gain defining resistors in the op-amp circ- 
uit. By changing the Gate-Source Voltage 
(Vgs) the effective Drain-Source Resistance 
(Rds) is also changed. 

A graph of Vgs against Rds to illustrate 
this effect is shown in Fig. 2. When Vgs 
exceeds a value known as the ‘pinch-off’ 
voltage (VP), the f.e.t. becomes cut-off and 
Rds is virtually open-circuit. The minimum 
Rds value, when Vgs=0 however, is less well 
defined and depends on the f.e.t. manufac- 
turing process; the exact value is not critical 
in this circuit. 
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To digress a little, the idea of using d.c.le- 
vels to control sound in this way is actually 
the basis of analogue sound synthesis. Volt- 
age Controlled Oscillators (VCO’s) and 
amplifiers (VCA’s) are common jargon in 
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the synthesiser world. Furthermore, the 
amplitude modulation technique mentioned 
above is the principle used in the generation 
of many radio wavebands although the 
“incoming” waveform (‘“‘carrier’’) would be 
of fixed frequency and amplitude. 


HOW IT WORKS 

A block diagram of the Envelope Shaper 
circuit is shown in Fig. 3. The main signal 
path is through amplifier IC1 whose gain is 








| 


Rds 
lohms) 104 





Fig. 1. A generalised sound waveform “envelope” 
showing the four controlled periods used in the 
synthesis of sound. 


Fig. 2. How the drain-source of 
an n-channel varies with gate 
voltage. 


FET 
(DRAIN— SOURCE 
RESIS TANCE 
VARIES 'R' WITH 
GATE POTENTIAL) 


rey. 


CHARGING 
CIRCUIT 
(SEE TEXT) 


RECTIFIER 
(D1 R12) DETECTOR 


(1C3) 


LOW PASS 
FILTER 
(R13 C4) 
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dependent on the Rds of the f.e.t. The over- 
all “attack” profile depends on the signal 
applied to the gate of the f.e.t.—a d.c.vol- 
tage derived from the detector circuit. 
IC2/IC3 is used to charge a capacitor in the 
f.e.t. gate circuit and hence vary Vgs. 

The lower half of the circuit, IC2 and IC3 
forms, in essence, a switch to trigger the 
f.e.t. gate charging circuit whenever a large 
enough signal appears at the input. 

The charging time is variable in the range 
22 milliseconds to 0.6 seconds, a range found 
to be quite adequate in practice. The “recov- 
ery time” (i.e. time taken for IC1’s gain to 
return to normal after the input signal has 
decayed) is fixed at about 15 milliseconds. 


CIRCUIT DESCRIPTION 

The full circuit diagram for the Guitar 
Envelope Shaper is shown in Fig. 4. The 
heart of the circuit is IC1 which is wired as a 
non-inverting voltage amplifier. Clearly its 
gain is governed by the feedback resistor R5 
and the resistances in the inverting input 
circuit, resistors R3, R4, and the field effect 
transistor TR1. 

Note that TR1 and resistor R4 appear in 
parallel with R3, so the overall gain of IC1 
(which is what we wish to control), is really 
defined by the drain-source resistance (Rds) 
of TR1. The gain of IC1 is therefore: 


Av=1+(R5/Req) 
where Req is the combined resistance of 
R3//(Rds+R4). 

When an input signal is applied—say, from 
an electric guitar—we require ICl’s gain 
initially low. It can’t go to zero, but by ensur- 
ing that resistor R5 is a lot less than 
Req(max) we can make it near enough unity. 


ATTACK TIME 





Fig. 4. Complete circuit diagram for the Envelope Shaper. The letters inside circles refer 


to waveforms shown in Fig. 5. 


Given that Rds(max) is near enough infin- 
ity, and Rds(min) is of the order of 500 
Ohms, we find: 

Req(max)=1M 
Req(min)=650 
Hence, IC1’s gains are: Av(max)=16 
Av(min)=1 


Fig. 5. Typical waveforms at the various points in the circuit diagram. 


Vin 
INPUT WAVEFORM 


A diagram showing voltage waveforms at 
various points in the circuit should be useful 
at this stage and is shown in Fig. 5. 

To vary IC1’s gain we need firstly to detect 
the presence of an input signal. IC2 is 
another non-inverting voltage amplifier with 
a fixed gain of 57 simply to boost the signal 
level. 

The output is half-wave rectified by diode 
D1, and smoothed (or “low-pass filtered’’) 
by C4/R13 to produce a positive “d.c.” level 
proportional to the input waveform ampli- 
tude. (It isn’t really d.c. in the usual sense 
(e.g. power supply output d.c.) because it is 
varying quite quickly—strictly we should call 
it a “unipolar control voltage”’.) 

IC3 is wired as a comparator with a trig- 
gering level (set by the voltage divider re- 
sistors R14/R15) of about 15mV to prevent 
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VIA S2 





Pinout details for the f.e.t. 


~ COMPONENTS - 














Resistors 
R1 270k 
R2, R9 47k (2 off) 
R3 1M 
R4, R14 150 (2 off) 
R5 10k 
R6, R16 1k (2 off) 
R7 120k 
R8 56k 
R10 1k8 
R11, R15 100k (2 off) 
R12, R17 4k7 (2 off) 
R13, R18 15k (2 off) 
All “e&W 5% carbon 
Potentiometer 

VR1 25k carbon lin. en 
Capacitors eaepese 198 

Ci1,C2,C5 10u elec. 40V 
(3 off) 

C3 22yu elec. 40V 

C4 1p tant. bead 
35V 

Semiconductors 

D1,D2, D3 1N4006 (3 off) 

D4 Red l.e.d. 

TR1 2N3819 n-chan- 
nel f.e.t. (or 
similar) 

IC1,1C2,1C3. 741 0p-amp 
(3 off) 

Miscellaneous 

$1 2-pole miniature 
slider switch 

$2 Single-pole 

push- 

button 
changeover 
_ switch (push- 
on 

push-off) 

SK1, SK2 Standard in. 
jack socket (2 

off) 


Printed circuit board, available 
from the EE PCB Service, code 
EE596, case,diecast aluminium 
approx. 115mmx90mmx50mm; 
PP3 batteries (2 off) and connec- ie S&S 
tors; connecting wire; solder; nuts, 
screws, etc. 
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Fig. 6. Full size printed circuit foil master pattern and board component layout. This 
board is available from the EE PCB Service, code EE596. 








PCB 


(COMPONENT SIDE) 





Fig. 7. Interwiring details for the case mounted components. 


the circuit from triggering on noise, etc. from 
IC2. When the signal level in pin 3 of [C3 
exceeds 15mV the output flips up from —9V 
to +9V. 

The positive outputs are dumped to earth 
through R16/D2 so that the f.e.t. gate charg- 
ing circuit ‘‘sees”’ arising square edge from 
—9V to +0.6V.The f.e.t. gate potential rises 
towards OV at a rate defined by capacitor C3 
and (resistor R6+potentiometer VR1). Note 
that the charging waveform due to capacitor 
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C3 is always exponential—it’s only the charg- 
ing time that is changed by varying the set- 
ting of VR1. 

Finally, you’ll notice an attenuator at the 
output (pin 6) of IC1. This is necessary to 
“trim” the overall gain of the system to suit 
both the characteristics of the f.e.t. (remem- 
ber the Rds(min) is not well defined), and 
the taste of the user! The prototype used the 
values for R7/R& given and gave quite a nice 
swell effect as the attack built up. 








CONSTRUCTION 

The component layout and full size printed 
circuit board foil master pattern for the 
Guitar Envelope Shaper is shown in Fig. 6. 
This board is available from the ©E PCB 
Service, code EE5S96. 

The p.c.b. shown is fairly large so there 
should be no problem fitting everything on. 
Start with resistors and capacitors, then fit 
the diodes, i.c.s and finally the f.e.t. Don’t 
forget that there are five wire links on the 
board. The capacitors are all polarised types 
and must be fitted the right way round. 

All the connections to the board were 
made using a 28cm length of 6-way ribbon 
cable on the prototype and secured by loop- 
ing it under one of the wire links as shown in 
the photographs. No problems with hum 
were encountered, but use screened cables in 
the signal lines if this becomes a problem. 

The case used for the prototype was a cast 
aluminium box measuring 
115mmx90mmx50mm. The circuit board 
fits nicely under the lid (using short spacers), 
leaving the box free for the batteries, 
switches, etc. The internal layout is largely a 
matter of personal taste, but make sure 
everything fits before drilling any holes in the 
case! The interwiring from the board to the 
case mounted components is shown in Fig. 7. 


TESTING 


Before fitting the board into the case, tem- 
porarily connect the potentiometer VR1, the 


. two jack sockets and the two 9V batteries to 


check operation. Apply a signal source 
(guitar, etc.) to the unit with VR1 set some- 
where midway and you should hear the “‘re- 
verse attack” effect. If not, having rechecked 
your circuit, follow this procedure: 

A good place to start is with the batteries. 
Check the power supply levels on pins 7 and 
4 on the i.c.s—you should, of course, find 
+9V and —9V respectively. If one line is 
low, measure the current flowing in that 
line—the load on each line should be 
between 3 to 7 milliamps. 

Check the operation of IC1 by applying — 
9V and then OV to the gate of the f.e.t.—you 
siiould hear some sound through IC1 with 0V 
applied. If so work backwards and try trig- 
gering IC3 by touching —9V and then +9V 
on pin 3. Any error here will probably be 
due to the d.c. effect on pin 2. 

Test IC2 by comparing the signal levels at 
pins 3 and 6 using either a ’scope if you have 
one, or the input of your hi-fi amplifier if 
not! When it’s working fit the board in the 
case together with the l.e.d. D4 (and its 
series resistor R18), jack sockets SK1, SK2 
and the switches. The batteries were simply 
stuck to the sides of the case using double- 
sided tape, the current drawn is very low and 
they should last a fair time. 


IN USE 

Experience will improve technique, but a 
few tips to get started: 

If using keyboards, make sure the input to 
the unit is not so large that it triggers on 
keyboard output noise. 

With guitars, the opposite is generally 
true—keep the pickup volumes wound up or 
you won’t get much sustain. This is particu- 
larly true of the higher notes. Connecting 
this unit after your amplifier preamp may 
help here. 

Finally, don’t overdo it with this device. 
All sound effects become boring if they’re 
constantly in use, so only switch it on when 
it’s needed. oO 
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by Mike Tooley sa 





HIS month we shall be rolling up our 

shirt sleeves in preparation for another 
hardware project. This takes the form of a 
versatile Add-on I/O Port capable of gener- 
ating and accepting TTL compatible signals 
as well as controlling high current d.c. and 
a.c. mains connected leads. 


Adding a User Port 

The Spectrum family of home computers 
has been progressively updated over the 
years to take in an ever expanding range of 
facilities, including RGB video and internal 
cassette and disc drives. Unfortunately, one 
item which has been totally ignored, and 
which must surely be the “missing link’’ as 
far as electronics enthusiasts is concerned, is 
the continuing absence of any form of User 
Port. This is a shame since many other home 
computers offer a User Port which opens the 
door (quite literally!) to a thousand and one 
applications in which external hardware may 
be connected to a machine and controlled by 
it. 

User ports are invariably based on one or 
more programmable parallel I/O devices. In- 
deed, we described one such interface (based 
on the Z80-PIO) in an earlier instalment of 
On Spec. This month (and since the latest 
version of the Spectrum still does not possess 
a User Port!) we show how a low cost paral- 
lel interface can be added to the Spectrum. 

This interface will provide a total of 24 I/O 
lines arranged in three groups of eight. We 
shall also show how it can easily be extended 
for controlling a very wide range of external 
devices including high-current d.c. and 
mains operated loads such as pumps, motors, 
lamps and heaters. 


Enter the 8255 


Our Spectrum User Port employs the ver- 
satile 8255 Programmable Parallel Interface 


(PPI). This device, which was originally 
designed by Intel for use with 8-bit micropro- 
cessors of the 8080 variety, is available from 
a number of suppliers including Electromail 
and Maplin. The 8255 may be very easily 
interfaced to the Z80 CPU used in the Spec- 
trum and offers a number of advantages over 
the Z80-PIO which we have previously 
described in this column. 

The internal arrangement of the 8255 is 
shown in Fig. 1. The tri-state bi-directional 
data bus buffer is connected to the data bus 
accessible at the edge connector fitted to the 
rear of the Spectrum’s p.c.b. 

The data bus buffer allows data to be 
transferred to or from the Spectrum when- 
ever the CPU executes an IN or OUT 
instruction to an appropriate I/O address. 
The Read/Write and Control Logic block 
manages all internal and external data trans- 
fers and provides a means of chip selection 
via the active low CS line which is driven 
from external address decoding logic. 

The functional configuration of each of the 
8255’s ports is software programmable. The 
CPU outputs a Control Word (more of this 
next month) which determines the mode 
selected and which can also be used to set or 
reset individual bit lines provided in Port C. 

Each of the 8255’s three I/O ports com- 
prises an 8-bit output latch/buffer and an 8- 
bit input buffer. At this point it is important 
to note that the 24 I/O lines are, for control 
purposes, divided into two logical groups (A 
and B). 


Fig. 1. Internal block diagram of the 8255 device 


DATA 
BUS 
BUFFER 


READ/ 
WRITE 
CONTROL 
LOGIC 
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Group A comprises the entire eight lines 
of Port A together with the four upper (most 
significant) lines of Port C. Group B, on the 
other hand, takes in all eight lines from Port 
B together with the four lower (least signifi- 
cant) lines of Port C. The upshot of all this is 
simply that Port C can be split into two in 
order to allow its lines to be used for status 
and control (handshaking) when data is 
transferred to or from Ports A or B. 


ADD-ON I/O PORT 

The complete circuit diagram of the 8255 
interface is shown in Fig. 2. A two-input OR 
gate (IC3) is used to provide the CS signal 
which is supplied to pin-6 of IC1. This signal 
goes low (selecting the 8255) whenever the 
input/output request (IORQ) line and 
address line A7 are simultaneously low. 
Hence, the 8255 is addressed whenever an 
V/O operation is being performed to an 
address in which bit-7 is reset. 

Port A not only provides a TT'L-compati- 
ble input but is also fitteed with a d.i.l. 
s.p.s.t. switch package. In normal use, these 
switches are left open (off), however they 
can be invaluable when testing the interface 
and can also be used for configuring the 
system. Port B may be programmed for use 
as either an input or output port accepting 
and providing TTL-compatible signals. 

Finally Port C, which, has a unique soft- 
ware bit set/reset mode, has been reserved 
for output and fitted with an octal Darlington 
output driver (IC2). In practice, a modified 


Control Word may be used to turn any of 
Port C’s output lines on or off (without affec- 
ting any of the other lines) and this leads to 
extremely simple programming. 


Construction 

The Add-On I/O Port may be assembled 
on a piece of stripboard measuring approxi- 
mately 80mmx125mm. The precise dimen- 
sions of the board are unimportant provided 
that it has a minimum of 28 tracks aligned in 
the vertical plane sufficient to allow the 
mounting of a 28-way double-sided edge con- 
nector. This connector should be fitted to the 
lower edge of the board and will require five 
holes across the full width of the stripboard 
so that the board stands vertically when the 
connector is mated with the Spectrum. 

Before soldering any of the components 

(including the four i.c. sockets) it is import- 
ant to allow some clearance for the rear over- 
hang of the case. For the Spectrum this gap 
should correspond to 8 rows of holes (20mm 
approx.) whilst for the Spectrum Plus, 128k 
and +2 machines, the gap should be in- 
creased to 12 rows of holes (30mm approx.). 

Component layout is generally uncritical 
though, as with most of our On Spec pro- 
jects, considerable economies can be made 
by carefully planning the layout in advance 
of mounting the components and i.c. sock- 
ets. Readers are advised to carry out this 
exercise on paper first (using, if desired, the 
layout sheet provided with our On Spec Up- 
date). 


COMPONENTS — 











Resistors 


R1 220 
R2 to R9 1k (8 off) 
R10 to R17 10k (8 off) 











All 0.25W 5%carbon 






Capacitors 
G1,G3 220 elect. 16V (2 off) 
C2,C4 10n ceramic 
disc (2 off) 






Semiconductors 
D1-D8 Redl.e.d. 



















IC1 8255 

Ic2 -ULN2803A fj ga 

IC3  7ALS32_— gag page 158 
Miscellaneous 


D.I.L switch (8xs.p.s.t.in a 16-pin 
d.i.l. package); 40-pin, 18-pin, 16- 
pin, and 14-pin low-profile d.i.l. 
sockets (1 of each); 10-way 0.1in. 
pitch p.c.b. mounting connectors 
(3. required); Veroboard, 0.1in. 
pitch, measuring approx. 
80mmx125mm; 28-way open end 
double-sided 2.54mm (0.1in.) pitch 
edge connector (e.g. Vero part 
number 838-24826A). 


£ 4/2) plus.) 
battery | 


yVo) eo] Mey om el ey-1 4 


Guidance only 


Fig. 2. Complete circuit diagram of the Add-On I/O Port 
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spot-face cutter is ideal for this purpose or, if 
such a tool is not obtainable, a small sharp 
drill bit may be used. 

The remaining components (resistors, 
capacitors, connectors and l.e.d.) should 


THE 30+ 30 INTEGRATED AMPLIFIER 


* DESIGNED FOR OUTSTANDING SOUND QUALITY 


* VERY HIGH QUALITY COMPONENTS SUPPLIED 
* LOW TEMPERATURE GENERATED DISTORTION 
* ULTRA LOW NOISE MC STAGE 

%* STAR EARTHING — MAPPED ON PCB TRACKS 
* CLEAN SOUND RIGHT UP TO FULL OUTPUT 


* 7 SEPARATELY RECTIFIED POWER SUPPLIES GIVES 


OUTSTANDING STEREO IMAGERY 


* LATEST KITS HAVE IMPROVED HEAT SINKS AND LOWER 


RESIDUAL NOISE 


IMPROVED VERSION ALSO FEATURES 


if 


i= 
Ge 





then be fitted to the board. As usual, the 
decoupling capacitors (C1 to C4) should be 
distributed around the board with the 
smaller value capacitors (C2 and C4) being 
placed close to the supply inputs of IC1 and 
IC? 

Links on the underside of the board should 
make use of appropriate lengths of miniature 
insulated wire (of the type normally used for 
wire wrapping). Readers requiring further 
information on the connector should refer to 
March 1985 On Spec or send for the Update. 

When the stripboard wiring has been com- 
pleted, the d.i.l. switch and integrated circ- 
uits should be inserted into their sockets 
(taking care to ensure correct orientation of 
each i.c. device). Finally, the entire board 
and wiring should be very carefully checked 
before attempting to connect it to the Spec- 
trum. (Note that the Spectrum should AL- 
WAYS be disconnected from its supply 
before either connecting or disconnecting 
any interface module). 

If all is well, when power is re-applied, the 
normal copyright message should appear. If 
not, disconnect the power, remove the inter- 
face and carefully check again! 

If you would like a copy of our On Spec 
Update, please drop me a line enclosing a 
large (250mm X300mm) stamped addressed 
envelope. 

Mike Tooley, Department of Technology, 
Brooklands Technical College, Heath Road, 
Weybridge, Surrey, KT13 8TT. 


After mounting the i.c.sockets, great care 
must be taken to ensure that all unwanted 
tracks are cut (including, in particular, those 
which link the upper and lower sides of the 
28-way connector). A purpose designed 


Next month: We shall describe the testing 
and programming of the Add-On I/O Port. 

We shall also be taking a look at Mira 
Software’s new Pascal compiler for the 
Spectrum. 


* BULK FOIL RESISTOR (Temp, Coefficient 5ppm/°C) IN CRITICAL PLACES 
* HOLCO RESISTORS FOR OUTPUT TRANSISTOR EMITTER RESISTORS 


* POLPROPYLENE AND POLYSTYRENE CAPACITORS 


* LONG LIFE ELECTROLYTIC CAPACITORS 
* KIMBER CABLE FOR INTERVAL WIRING 
* GOLD PLATED PHONE SOCKETS 


* EXTRA OUTPUT TRANSISTORS FOR 40 WATT OUTPUT 
PRICES Standard 30 + 30 kit £172 + £6 p&p = £178 


Standard with extra o/p transistors £185 + £6 p&p =£191 


improved kit £380 + £6 p&p = £386 


Export version to order with 110V or 220V primary transformers, P&P charges by 
quotation. Delivery 14 to 21 days, but can be longer as lead times for manufacture of 
case or supply of some top quality parts used in improved version is much greater. 


For full parts price list of the EE Apex preamp and details 
of AUDIOKITS audiophile components and kits, please 


send 9” x 4” SAE to: 


AUDIOKITS Precision Components 
6 MILL CLOSE, BORROWASH, DERBY DE7 3GU. Tel: 0332 674929 
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TOTAL ENERGY DISCHARGE 


ELECTRONIC 
IGNITION 


IS YOUR CAR AS GOOD AS IT COULD BE ? 


%& |sit EASY TO START in the cold and damp? Total Energy Discharge will give 
the most powerful spark and maintain full output even with a near flat battery. 


%& Is it ECONOMICAL or does it “go off" between services as the ignition 
performance deteriates? Total Energy Discharge gives much more output to 
fire lean fuel mixtures. 

Has it PEAK PERFORMANCE or is it flat at high and low revs. where ignition 
output is marginal?Total Energy ayer gives a more powertul spark from 
idle to the engines maximum ne with 8 cylinders). 


* 
% _|s the PERFORMANCE SMOOTH? The more powerful spark of Total Energy 
* 








Discharge eliminates the near ‘‘misfires’’ whilst an electronic filter smoothes 
out the effects of contact bounce etc. . 

Do the PLUGS AND POINTS always need changing to bring the engine back 
to its best? Total Energy Discharge eliminates contact arcing and erosion by 
removing the tant electrical load. The timing stays ‘spot on’’ and the 
contact condition does not affect the performance either. Larger plug gaps can 
be used, even wet or badly fouled plugs can be fired with this system. 

%& TOTAL ENERGY DISCHARGE is a unique system and the most powerful on 
the market - 3.5 times the power of inductive systems - 3 times the pal 
and 3 times the duration of ordinary capacitive systems.Send for full technical 
details 


%& ALSO FEATURES 
EASY FITTING, STANDARD/ELECTRONIC CHANGEOVER SWITCH, 
STATIC TIMING LIGHTand DESIGNED IN RELIABILITY (14 years experience 
and a 3 year guarantee) 


%& In KIT FORM it provides a top performance system at less than half the pre 
of a comparable ready built unit. The kit includes: pre-drilled fibreglass PCB 
pre-wound and vamished ferrite transformer,high quality 2ut discharge 
capacitor, case, easy to follow instructions, sol Jer and everything you need to 
build and fit to your car.Alll you need is a soldering iron and a few basic tools. 


TOTAL ENERGY DISCHARGE KIT £17.95 { Prices include VAT 

ASSEMBLED READY TO FIT £23.90 | Add £1.00 P&P 
ALSO AVAILABLE: Other ignition systems and electronic car alarms 
Order now or send for further details: 


ELECTRONIZE DESIGN tel021 308 5877 
2 Hillside Road.Four Oaks, Sutton Coldfield B744DQ 
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_.. from the world of electronics 


NEVYS 


YOUNG ELECTRONIC 
DESIGNER AWARDS 








E 1988 Young Electronic Designer Awards Scheme has been officially 

launched with renewed sponsorship from electronics distribution company 

Cirkit Holdings PLC and leading semiconductor and computer manufacturers 
Texas Instruments. 

Governed by the YEDA Trust, a registered charity, and organised under the 
chairmanship of John Eggleston, Professor of Education at Warwick University 
and a member of the Council of Europe, the Awards Scheme offers design 
awards to young people in the junior (under 15), intermediate (15-18) and 
senior (19-25) age groups, who attend educational institutions in the UK. 





. 1 


John Eggleston speaking at the 1987 YEDA presentations ceremony with (from left 
to right): John Wesley, Investors in Industry; Sir Alec Morris KBE, C.Eng., British 


How To Enter 

To enter the Scheme, students 
must produce an electronic device of 
their own which is original, effective 
and has a useful application in every- 
day life. A prestigious trophy and 
valuable cash prizes are presented to 
the winners in each category and in 
the senior age group there are the 
prospects of a job in electronics and 
course sponsorship. 


QUICKFARE 


Each secondary school or college 
with one or more entrants reaching 
the regional judging stages in May 
qualifies for a special award of useful 
electronic equipment from Cirkit, for 
example multimeters, furthermore 
the finalist whose project is adjudged 
to have the most commercial 
potential will win a sophisticated 
computer system and software valued 
at around £10,000 from Texas Instru- 
ments for his or her educational insti- 


The new “Quickfare’’ automatic ticket machines from Westinghouse 
Cubic, undergoing trials at London Bridge Station, are speeding passen- 
gers to 40 British rail destinations in South and South-East London as 
well as stations in kent and Surrey. Since their installation in June, the 
two custom-built machines have recorded a total of over 40,000 ticket 


sales. 


A variety of ticket combinations including adults single and return, 
children’s tickets, cheap day, Network and Capital cards are available to 
travellers from the automatic machines. Each machine has an electronic 
clock mechanism capable of calculating off-peak periods, weekends, 


bank holidays and even leap years. 
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Aerospace; Richard Reisz, Editor, ‘‘Tomorrow’s World’’; Professor Eggleston; 
Tina Jenkins, Presenter, Thames TV and Sir John Egan B.Sc., Chairman and 


Chief Executive of Jaguar Cars plc. 


tution. Every finalist wins a personal 
prize as does their teacher and there 
are many more attractions for the 
successful entrant. 


SOUND 
TRACK 


As more musicians move into 
soundtrack work an increasing num- 
ber of films, TV productions and ad- 
vertisements are having their music 
generated on the NED Synclavier 
system, reports European distributor 
Harman UK. 

The two most recent major cinema 
releases where the music has been 
created entirely on Synclaviers are 
Beverley Hills Cop 2 and Cry Free- 
dom. 





Special rates 


The CD-ROM market has taken off 
and 1988 will see drive prices tumble— 
predicts Nick Rogers, UK Marketing 
Manager of Hitachi ew Media Prod- 
ucts, who claim to have captured 60 
per cent of the market share world- 
wide. 

Hitachi is also offering special dis- 
counts to universities, colleges and 
schools involved in the government 
sponsored ECCTIS scheme under 
which details of some 50,000 courses 
and broadcast education programmes 
have been compressed onto a single 
552 Mbyte compact disc. 


For further information and entry 
forms contact: The YEDA Trust, 24 
London Road, Horsham, West Sussex 
RH12 IAY. 


Women-Only 


Training Course 


Eighteen female employees, 
most of whom have non-technical 
backgrounds, are being sponsored 
by British Telecom on a women 
only course that should lead to a 
degree in engineering or science- 
based technology. The women are 
six clerical assistants, five clerical 
officers, five junior technicians, a 
telephonists’ supervisor and a ju- 
nior manager. 

The women have just started a 
one-year bridging course at the 
Essex Institute of Higher Educa- 
tion, Chelmsford, on full-pay from 
the company. Success on the 
course will lead to British Telecom 
sponsorship for first degree 
courses in engineering, science, 
mathematics and computing. 

On successful completion of the 
course, candidates will qualify for 
British Telecom sponsorship to 
attend university or polytechnic 
and periods of industrial training 
will be given during vacations. On 
graduation, award holders will be 
eligible for management jobs in 
engineering, information § tech- 
nology or other applied science. 

“This scheme is an extension of 
our other efforts to improve 
opportunities for women within 
BT...” said ken Leeson, Director 
of Corporate Personnel. 
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... Emergency Beacon-- « Panic Button... Hypothermia Alarm 


5.0.8. 
ALERT : 


MUNGO HENNING = /* 


Can flash a lamp or sound a warning in the 
international distress Morse “SOS” Code. Can be 
adapted for use by hill-walkers, boat owners or the elderly. 


OST of us have an elderly per- 

son living withinthe immediate 

vicinity of our homes. Have 
you considered what you would do if you 
saw a mains light flash on and off in such 
a neighbour’s house—would you investigate 
it or not? 

Speaking personally I would wait until it 
continued for a short time before investigat- 
ing further. It could be an erratic switch 
of course, or it could be a cry for help. 

The dilemma of investigation is further 
increased should the flashing stop: incapacity 
of a sick person or correction of a fault? 





SOS ALERT 


Next consider your action should you 
observe the light flash the international dis- 
tress code SOS. I would suggest that action 
would be more immediate in this case. 

The project to be described will generate 
the SOS sequence. The circuit is designed 


to power a relay, which could switch mains 
loads such as a few lightbulbs or even a mains 
bell. Triggering of the unit is by actuating 
a switch, but some readers may care to hook 
the device up to a thermal sensor (hypother- 
mia alarm), resettable timer or low-powered 
perimeter switch. 

The idea is to build a small, low-powered 
unit so that it could be used by climbers 
(in their torches), hill-walkers, elderly 
people or even emergency services. 


HOW IT WORKS 


The full circuit diagram for the SOS Alert 
is shown in Fig. 1. The circuit consists of 
two decade-counters (IC1, IC2) both driven 
by a common clock (IC3a, IC3b, VR1, R3, 
C2) and inter-connected by a flip-flop (IC3c, 
IC3d) so that when one counter is enabled 
the other is disabled and vice-versa. 

The common 4017 CMOS decade counter 
(IC1, IC2) has ten output lines which indi- 


Fig. 1. Complete circuit diagram for the SOS Alert. 
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vidually go “high” as the count increases. 
The flip-flop essentially makes it appear as 
if we have a single counter chip with twenty 
output lines. 

Certain output lines are selected from the 
choice of twenty, and these are wire-O Red 
through diodes, D1 to D9, to give the SOS 
waveform. This signal is then buffered via 
transistor TR1 to drive a relay or other out- 
put device. 

Diode D10 is used to protect the transistor 
from the back e.m.f. of the relay (should 
one be used), and capacitor Cl acts as a 
reservoir of power to the circuit. Although 
the sequence generated is not strictly SOS 
(the mark/space ratio is incorrect, and the 
output is SOSOSOSOS . . . rather than SOS 
SOS SOS .. .), the output gives a plausible 
“cry for help’. 


CONSTRUCTION 


The component layout and full size printed 
circuit board foil master pattern for the SOS 
Alert is shown in Fig. 2. The printed circuit 
board for this project is available from the 
EE PCB Service, code EES95. 

Due to the nature of this project, the stan- 
dard of construction becomes highly import- 
ant, so take your time. Note that the p.c.b. 
has fine tracks between adjacent pins of IC2 
and IC3 and care should be taken when sol- 
dering components on the board. 

Insert the single wire link first, then solder 
in the i.c. sockets (if used), resistors, diodes, 
transistors, capacitors and the preset 
potentiometer VR1. Examine the p.c.b. for 
solder bridges, especially around the i.c.s, 
and double-check the components for their 
value and insertion polarity. 


TESTING 


Connect either a relay or a buzzer across 
diode D10 and apply power to the circuit. 
The relay should operate in the three-dots 
three-dashes mode. If it fails to work, re- 
move power immediately and re-check com- 
ponent values. 

If this doesn’t highlight the problem, use 
a piezo buzzer (PB2720 or equivalent) to 
listen-in on the circuit as follows. Connect 
the buzzer across IC3 pins 4 and 7, listening 
for the clock pulsing. If there are no clicks, 
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suspect IC3 and/or the clock resistors and 
capacitor. 

If the clock seems okay, connect the buz- 
zer to IC1 across pins 8 and 15 listening 
for the flip-flop toggling this reset line. This 
click will be a lot fainter than that of the 
clock, so listen carefully. Apply this test to 
IC2 as well. 

If there is still no joy, check the base of 
the transistor for a signal: it could be that 
* the transistor is duff. If none of these tests 
work, try replacing each i.c. individually 
until it does work! 


IN USE 


Though some people may connect this 
device to their burglar alarm it is 
STRONGLY suggested that this should 
NOT be done so that the SOS code is used 
for people in distress rather than property. 
One day your life may depend on the SOS 
code, so please do not use it frivolously. 

Also be careful when testing the unit, since 
certain emergency services may be called 
out on a false alarm (for example the coast- 
guard service). 

Other than the restrictions mentioned, the 
unit could be used in an elderly person’s 
home suitably connected to a panic switch 
or even a temperature alarm (hypothermia 
alert). If a mains lamp is used as the output 
device, make sure the relay contacts are 
rated for the mains load. 

The use of CMOS devices gives a wide 
range of power supplies from which the 


device can operate, but note that some 12V°- 


relays will not pull-in at 9V or less, so con- 


COMPONENTS 


Resistors 
R1 100k 

R2 «10k ee 

R3 270k S aac 
All 0.25W carbon - vas 




















Potentiometer 
VR1 1M miniature 
skeleton 




















Capacitors 
C1 47 elec. 25V 
C2 0u22 






Semiconductors 


IC1, IC2 4017 CMOS 
decade 
counter/ 
divider (2 off) 

IC3 4001 CMOS 
quad NOR 

TR1 BC109C 

D1-D10 IN4148 signal 


diode (10 off) 





Miscellaneous 

Cable, to suit application; printed 
circuit board, available from the EE 
PCB Service, code 595; 16-pin i.c. 
sockets (2 off); 14-pin i.c. socket; 
relay, contacts to suit load (see text); 
connecting wire; solder, etc. 


y*Velelue) omer e]-y A 
Guidance only 


£7.50 
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sider the relay when you choose the power 
source. Rather than using a relay, a power 
f.e.t. could be used to drive a torch bulb 
from the circuit. This would give hill-walkers 
an additional emergency beacon, rather than 
having to tap out SOS on their torch them- 
selves. 

It would be prudent to test the unit every 
so often and especially before embarking 
on a journey where you may require its use. 





In these circumstances a false sense of secur- 
ity could be deadly. A complacent attitude 
to safety should not be engendered simply 
because you have built and installed this 
unit: there is no guarantee that the signal 
emitted will be received and understood by 
anyone. 

As a further precaution against accident, 
it may be wise to encase the electronics in 
a plastic resin. 





Fig. 2. Component layout and full size printed circuit board copper foil master 
pattern for the SOS Alert. The lamp(s) or siren are wired directly to the relay 
a a Rather than using a relay, a power f.e.t. could be used to drive a torch 

ulb. 
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EE CROSSWORD No. 2 


CLUES ACROSS 
1 After the invention by E. H. Armstrong, radios 
became known by this name. (9) 
5 At a squeeze, this wheel converts rotory 
movement into a linear one. (5) 
8 Logic circuits that produce something for 
nothing? (8) 
9 Electrodes in a vacuum. (6) 
11 Capacitors used to be made with this. (5) 
12 Minimum number of logic levels that can convey 
information. (3) 
16 Combination of reactances. (9) 
17 Unwanted signals fall into these? (5) 
18 An electron revolves in one of these. (5) 
19 Initially sets the standards. (1, 1) 
20 Atwo state device in early days? (5) 
21 Type of transistor. (5) 
23 Aselection signal. (6) 
24 This circuit causes inflation? (4) 
25 Solid state memory. (3) 
26 IN television, 70% above the porch. (5) 
27 Acheck before switching on. (4, 4) 


{CLUES DOWN 
1 These keep televisions in step. (4, 6) 
2 Any hardware device. (11) 
3 and 15 Erasable ROM. (12, 9) 
4 International system of units. (1, 1) 
5 Junction devices having an intrinsic layer. (3, 6) 
6 Minimum voltage point for example. (4) 
7 Colloquil term for background noise. (4) 
10 This pool is found in feedback control. (4) 
13 One transmitter can do this to another. (10) 


Zenith Electronics. 
KITS MODULES —~ HARDWARE 


The following are examples of our proven product designs: 
*High quality touch dimmer 500W R/Built 
*Selectable Tone Generator, 9V-12V operation 
*3 Note Electronic Door Chime unit; 9V operation 
3 melodious tones; variable frequency. Kit 
*Miniature FM Transmitter; 60-145MHz. Kit 


*300 Watt Light Dimmer unit for 240 volt mains lights. Kit.......... £6.95 
*4 Code Digital Code unit plus key pad—select own 

code; 9 volt. Kit 
*5-100 Watt Electronic Loudspeaker Overload 

Protector, adjustable. Kit 


BLACK ICE ALARM 
Revolutionary design which will detect black ice for motorists 
Kit includes all components P.C.B sensor unit dedicated case 
eVavemiUlimiatcycauleittelars 
Kit £17.53. Ready Built £20.75 


*VU Meter 10 LED indicator; 5 to +12dB range. Kit 
*Automatic light controller; automatically turns on and off 
lights at pre-set times and triggered by darkness. Kit 

*Mains Wiring and Metal Detector. R/Built 

*Zenith Speech Processor P-202 R/Built 

*18-Watt Car/Home Power Amp. 12-V Kit 

*Amplifier Power Meter; 10 LED indicator from 
0-25—100 Watt Input—9 volt operation. Kit 

*Light Sensitive relay unit; variable sensitivity trigger 
control; senses light or dark—selectable. Kit 


ALL KITS CONTAIN FULL INSTRUCTIONS: P.C.B.s AND COMPONENTS. 

ALL PRICES INCLUDE VAT AND POSTAGE & PACKING. Large SAE 
OVERSEAS ORDERS - add 10% TO ABOVE PRICES. . 26p stamp for 
PLEASE SEND CHEQUE OR POSTAL ORDERS WITH ORDER. 


free catalogue 


7A-V al bial =i (:10h 400) 0] (SP 

14 Cortlandt Business Centre, 
Hailsham, E. Sussex, U.K. BN27 1AE. 
Tel: 0323 847973 Telex: 878334 
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14 and 22 The actual period in which a physical 
process transpires (4, 4) 

19 Unit of information equalling one binary 
decision. (3) 

21 Signals applied at this point. (5) 

22 See 14. 

23 Solid state filter (1, 1, 1) 


For fun only— answers on page 000 


ee ae 





























_ 
~N 


_ 
No 


Pe 








TRADE 
LIST 


5 BELLE VUE TERRACE,GILESGATE MOOR,DURHAM. 


DH 1-2 HR. TEL (091) 3864500. 
SEMICONDUCTORS 


Mixed Quantity Pricing 





RESISTORS 


Ve WATT CARBON 5% V24 
RANGE MIXED VALUE PRICING 
0 0.00 


POTENTIOMETERS 


LIN-OR LOG STANDARD SIZE 
MIXED VALUE PRICING 


50+0.34 
78151 AMP 0.450 100+0.32 V12 Range 


4081B 
7905 1 AMP 0.500 : 40106B 
LM317T 0.740 


PRESETS 


HORIZONTAL OR VERTICAL 
MIXED VALUE PRICING 
MINIATURE 50+0.095 
100+0.090 
STANDARD 50+0.095 
100+0.090 
ALL PRICES ARE PRICE EACH.PER 
QUANTITY UNLESS OTHER WISE 
STATED. 
ALL TRADE PRICES EXCLUDE VAT. 
; PRICES SUBJECT TO CHANGE. 
74LS86 : PRICES OPEN TO NEGOTIATION 
rane rete QUANTITIES TO 


ENTRES ETC. 
PLEASE ADD £1.00 CARRIAGE TO 
ALL ORDERS. 


TYPE 50 LARGER QUANTITIES P.O.A. 

BZYBSCEVI 0045 O: ALSO STOCKED: ACCESSORIES, 
BZY88C5V1 0.045 A : : 
W005 0.200 : BOOKS, CABLES, CAPACITORS. 
Ww04 0.215 LEADS, TEST GEAR ETC. 


LSTTL . 


Mixed Quantity Pricing 
100+ 





TRADE CATALOGUE ONREQUEST |. 
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yO OO 
CHARGER FOR NI-CAD BATTERIES 
©) “Charges AAA, : 
AA, C,D0& 
4 PP3 Ni-CADS 


~~ 
HH SO ED ¥ 
PUSH SWITCHES— PUSH-TO-MAKE 

250V 0.5A 16x9mm 

Mounting dole7mm © 

Colours: Red, Black, White, Blue, Green, 


Yellow. 
Price each 1+18p, 10+15p 


SOLDER AT A RIDICULOUSLY 


LOW PRICE 
A 500g reel of 22 SWG 
multi-core solder 60% 






£4.50 THE MALTINGS, HIGH STREET, WEM 










© 








¢ NL-CAD RECHARGEABLE SHROPSHIRE, SY 4 SEN. 
BATTERI . a _ nulti-¢ . 
AAA £1.25 (10+ £1.20ea.) ELECTRONIC COMPONENT MAIL ORDER COMPANY -— ESTABLISHED 1972 tin, 40% alloy non-corrosive 
vp “ oo (107 £1.80 ea.) 100+ PAGE CATALOGUE AVAILABLE — SEND £1 FOR YOUR COPY. ONLY £4.99 10+£3.75 Vp 
D&/space£2.50 (10 +£2.20 ea.) INCLUDING DISCOUNT TICKETS — 
PP3 £4.10 (10+£3.90 ea.) 50p OFF £5+ ORDER, f1 OFF £10+ ORDER, £5 OFF £50+ ORDER ANTEX SOLDERING 
y Ci 15W £5.40 SK2 Kit £8.30 
¥ * J MARCH SPECIAL OFFER CS iron 17W £5.60 SK5 Kit £7.99 
ah » Displays logic state of each gate of TTI, CMOS, etc. ee es 20 £5.80 SK6 Kit £8.20 
—— es devices in light and sound. Pulse enlargement TCSU-D Solderin Station £72.50 : 
capability allows detection down to 25nsec. Scareclorsents fas £3.20 
HELPING Comprehensive instruction manual. rath Tine for above irons £1.20 
HANDS . Working voltage: 4-16V d.c. e P _ 
eZ, WITH £3.99 Input impedance: 1 Mohm. 7, 
© wachten hrésholds: HI-70% Vee LO 30% Voc PENSOLGAS SOLDERING IRON ) 





last. ONLY 


Special price gpg at 
while stocks Ss ¥ 







¥ BT APPROVED EQUIPMEN 











































































t 
Master Socket (flush) £2.90 13A TEST PLUG TRANSISTORS ‘SPARE TIPS 
EN Master Socket (surface) £2.75 oa ane SAFEBLOC ao 10p £9.99 £3.50 ED 
peconaaly Socket (flush) £1.90 Tah cochate: aia ae 2, 4, 3.2 or 4.8mm 
Br‘Cable (per ot ‘isp Simply plug connecting 
¥ Line Jack Cord with plug £1 35 in cee | equipment DESOLDERING ON ——_—_ > ¥ 
\ Extension Lead 5 mtr. £3.90 pie seg 1 pelle £2.99 ' 
. Plug 431A ep amber lightsas = ~~~ without fitting SPAR Spare Nozzle for above — 60p 
Slimtel Phone £17.35 instructions. plug. £6.75 * 
1+ 10+ MARCO KITS 
C Conversion WiC. — PRICE ONLY 99p 90p Ceramic 50V (125) £3.50) 
with Wiring Diagram £6.99 INTEGRATED Electrolytics Rad. (100) £7.25) ©) 
CIRCUITS Fuse 20mm Q/B (80) £3.75: 
TEST LEAD KIT 555 Timer 20p Fuse 20mm A/S (80) £7.50) 
. .00) 
©) LED3mm 1+ 10+ 100+ fg Pack of ten coloured leads TEST PRODS (pair) alpili nage (120) 3 7 | 
GREEN 10p 9p 6p mini ree clips. oyomm 1A Vin. fuse fitted Pre-set pots. vert. (120) £6.75 
AMBER 12 P 400 a long, 2 each colour. 99p per pair(One red, one Resistors 
YELLOW ioe an. an £1.50 black) 0.25W Popular (1000) £6.50) 
HOLDERS 3p op 1.5p Zo (normally over £2 each. 0.25W 5 off (305) £2.95: 
LE : R 
RED 9p 8p Sp4GREEN 11p 9p 6p | 12V RECHARGEABLE UNIT Oey Popular (1000) £9.60 
% AMBER 12p 10p 8p 10 x D size NI-CADS (4Ah) encapsulated in a black 0.5W 5 off (365) £4.70) 
NBT pERS i ai a plastic case, fuse holder. Gives 12V output when 0.5W 10 off (730) £7.75) 
i des fully charged. Ex-equipment — fully tested 1W 5 off (365) £13.75: “y 
¥ and guaranteed. £6.99 2W 5 off (365) £21.75: © 
ALL ORDERS +85p+P&P+15% 245 x 75 x 75mm +£1.85 P&P + 15% VAT Zener diodes 5 off (55) £3.50 
F VAT UNLESS OTHERWISE 4-PIN PLUG TO SUIT ABOVE UNIT — £1.75 0.25W Resistors 1+ 2p 10+ 1.5p 
© STATED = 0.5W Resistors 1+ 2p 10+ 1.5p. 
| = 4 - 
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LOW COST 
GEIGER 
‘ret e 6] 


SECURITY KITS COUNTERS 


% POPULAR PROJECTS FROM A LEADING AUTHOR NUCLEAR FREE ZONES? 
EPROM PROGRAMMER CHECK THEM OUT —- 
BURGLAR ALARM (PE) SET277 £25.25 GET A GEIGER 


Computer controlled unit for 4K Eproms. 


CONTROLLERS sae : 
COUNTER (PE) SET278 £31.50 tectors for environmental and geological monitoring. 
DETECTORS DETER DELINQUENTS 4-digit display counting for ie bs source. METERED GEIGER (PE MK2) 


MULTIZONE CONTROL MICRO-CHAT (PE) SET276 £64.50 | Buittsn probe, speaker, meter, digital output. Detector 
(PE) SET280 £22.77 Computer controlled speech synthesiser. tube options — ZP1310 for normal sensitivity. ZP 1320 


Two entry-zones, anti-tamper loop, personal attack, MICRO-SCOPE (PE) SET247 £44.50 for extrasensitivity. 


MUSIC, EFFECTS 
COMPUTER AND 
















entry-exit timing, timed duration, automatic resetting, Turns a computer into an oscilloscope. faa - SET 264 —- (ZP1310) £59.50, (ZP1320) 
poses Aral epg MICRO-TUNER (PE) SET257 — £55.32 | pea. 

SINGLE ZONE CONTROL Computer controlled, Ast and freq counter. ey! Aaa = T2272 — (2P1310) £75.50, (2P1320) 
PE) SET279 £9.32 3 

‘i Hi duration control and latching LED monitor. sca air ia (EE) See eae *6 GEIGER-MITE SET271 £39.50 








Both units can be used with any standard detection POLYWHATSIT! (PE) SET252 £122.69 Miniature geiger with soil tube, LED displays 
devices, such as contact or magnetic switches, Amazing effects unit, echo, reverb, double tracking, phasing, mgt oo 


pressure pads, trembiers, ultrasonics, infrared etc, and ; Snasst 
will activate standard bells, strobes or sirens. dsl ali poping). aie change, SEVER vag 



























REVERB (EE) SET232 £27.35 
CHIP TESTER (PE) SET258F £39.30 | Mono, with ado iaan cacmmie THE PE GEIGER WAS 
Computer controlled logic and chip analyser RING MODULATOR (PE) SET231 £45.58 7 SHOWN ON BBC TV 
CHORUS-FLANGER (PE) SET235 £59.99 | Fabulous effects generation, with ALC and VCO. te aa a 

jono-stereo. Superb dual-mode effects. « ” 
| STORMS! (PE £29.50 each unit OGRA 

CYBERVOX (EE) SET228 £44.76 | Raw nature pli 2 control! Wind & Rain Sw 
Amazing robot type voice unit, with ring-modulator and Thunder & Lightning SET250T. 
reverb. + COMPUTER KITS Send SAE for detailed catalogue, and with all enquiries (overseas 


DISCO-LIGHTS (PE) SET245F £62.50 | The software listing published with the computer kit projects ae ee bet idol ony a pores 







3 chan sound to light, chasers, auto level. are for use with C64, PET and BBC computers. Text photocopies — Geigers 264 & 272 £1.50 each, others 50p 
ECHO-REVERB (PE) SET218 £57.66 | MANY MORE KITS IN CATALOGUE plus 50p post or large SAE. Insurance 50p per £50. MAIL ORDER, 
Mono-stereo. 200ms echo, lengthy reverb, switchable | KITS include PCBs and instructions. Further details in CWO, CHQ, PO, ACCESS VISA. Telephone orders: Mon-Fri, Sam 
multitracking. catalogue. PCBs also available separately. — 6pm. 0689 37821. (Usually answering machine). 





PHONOSONICS, DEPT EE83, 8 FINUCANE DRIVE, ORPINGTON, KENT BR54ED. MAIL ORDER 
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.». Serial-to-Parallel Conversion... Dual Port Converter... 


N THE previous BEEB Micro article we 

considered serial interfacing in general, 
and the BBC computer’s RS423 serial port in 
particular. As will have been apparent from 
the description of asynchronous serial sig- 
nals, they cannot be used to directly drive 
such things as digital to analogue converters, 
l.e.d. displays, relays, and other standard 
peripheral devices. It is necessary for a serial 
to parallel conversion to be made first, which 
is the topic that is covered this month. 

It is worth making the point that the unit 
described here will work with any standard 
RS232C or RS423 serial interface, and that it 
is not only sujtable for use with the BBC 
range of computers. As most computers 
have a built-in serial port, or an add-on serial 
board, this unit is usable with virtually any 
home or personal computer. Of course, the 
method of directing data to the serial port is 
different for each computer, and the notes 
on driving the interface are specific to the 
BBC machines. 


UARTs 


There are a number of special serial to 
parallel interfacing chips available, and these 
also seem to handle parallel to serial interfac- 
ing as well. Most of these integrated circuits 
are intended for use in circuits that are based 
on a microprocessor. These chips are vir- 
tually unusable in a stand-alone unit that 
does not incorporate a micro-controller. 

Apart from problems with a bidirectional 
bus (which would probably be surmounta- 
ble) there is the difficulty of programming 
the control registers. These provide software 
control of such things as the word format and 
the baud rate. For our present purposes it is 
much more practical to have a system where 
these factors are under hardware control, 
with their selection being made using 
switches, link-wires, or whatever. 

The only devices which are really well 
suited to this type of control are the UARTs 
(Universal asynchronous transmitter/receiv- 
ers). These have tri-state outputs which per- 
mit their use in microprocessor based 


systems, but they also have control inputs 


that permit either bus or straighforward 
hardware control. 

The industry standard UART is the 6402 
type, which is available from several manu- 
facturers who use this basic type number plus 
various prefixes and _ suffixes. The 
CDP6402CE is the RCA version for 
example. 

Serial to parallel conversion is a fairly 
complex process which is not quite so easy to 
achieve properly as you might think. Things 
are greatly complicated if a range of word 
formats have to be accommodated. UARTs 
do all the hard work for you, and can handle 
any normal word format, including the more 
obscure ones such as five data bits with one 
and a half stop bits! 

Although most serial interface integrated 
circuits have quite high levels of current con- 
sumption, and generally operate quite warm 
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or even hot, the 6402 is a low power CMOS 
device. This factor can be more than a little 
useful in an application where battery oper- 
ation is required, such as when the main item 
of equipment is a “‘turtle”’ type robot. 

The power supply current is typically only 
about five microamps when the device is 
static, and is no more than nine milliamps 
when the device is operated with the maxi- 
mum usable clock frequency of 4MHz. When 
I first saw these figures in the 6402 date sheet 
I thought that they must be errors, but on 
measuring the current consumption of some 
6402 based circuits the current consumptions 
seemed to be about one milliamp or less. 


Dual Port Converter 

The block diagram for the serial to parallel 
converter unit is shown in Fig.l. The basic 
converter simply decodes any received serial 


2¢4576MHz 
OSCILLATOR 
LEVEL 
SHIFTER 


4 STAGE 
DIVIDER 


FLIP /FLOP 


bytes and converts them into a correspond- 
ing 8-bit binary pattern on its latching out- 
puts. 

No handshaking is required because the 
UART will almost instantly decode any re- 
ceived data, and even at a baud rate of 19200 
it cannot be overloaded with data. Presum- 
ably in most applications the devices driven 
from the outputs will also be able to keep up 
with the flow of received data, and no hand- 
shaking will be required. However, the 
handshake input of the RS423 port is there 
should it be required. 

Some additional (and optional) stages ena- 
ble sixteen latching outputs to be obtained. 
This system requires sets of two bytes to be 
sent, with the first byte being directed to Port 
A, and the second being sent to Port B. Note 
that because of this sequential system both 


INVERTER 








bytes must always be sent, even if only one 
port must be sent a new value. 


Clock 

Looking at the unit in more detail, the 
baud rate of the 6402 is controlled by an 
external clock circuit. This must provide a 
clock signal that is at sixteen times the re- 
quired baud rate. 

In this case a 2.4576MHz crystal oscillator 
provides the basic clock signal, and a four 
stage binary divider gives a divide-by-16 ac- 
tion that provides a 153.6kHz clock signal to 
the UART. Dividing 153600 by sixteen re- 
veals that the unit operates at a baud rate of 
9600 baud. 

This is high enough to permit data to be 
sent to the port reasonably quickly, with a 
maximum rate of just under one thousand 


8 BIT 
LATCH 


Fig. 1. Block diagram for the serial to parallel Dual Port Converter. 





bytes per second being possible. It is not so 
high that the range or reliability of the sys- 
tem are compromised though. However, the 
device used as the binary divider is actually a 
seven stage type with all outputs accessible, 
and it can therefore operate at the other 
standard speeds of 1200 baud, 2400 baud, 
4800 baud, or 19200 baud simply by selecting 
the appropriate output. 

The serial input is not at standard logic 
levels, and it is of the wrong phase to drive 
the UART. The input signal is therefore fed 
to the UART by way of a level shifter circuit 
that provides a signal inversion. For an 8-bit 
output this is all that is required, and the rest 
of the unit can be omitted. 

In order to provide sixteen outputs (in the 
form of two eight-bit ports) two data latches 
are fed from the output lines of the UART. 
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The latch inputs of these are fed from the Q 
and not Q outputs of a flip/flop. 

For those who are not familiar with this 
type of circuit, initially the Q output is high 
and the not Q output is low, but with each 
‘successive clock pulse that is received these 
outputs swap states. The clock pulses are 
obtained from the UART, and a pulse is 
produced each time a fresh byte is decoded 
by the UART. Data is latched on a low to 
high transition, and the circuit is arranged so 
that data is first latched into a Port A latch, 
then into the Port B latch, then the Port A 
latch again, and so on. 

The UART does not actually produce a 
pulse each time a byte of data is received. Its 
action is to set its DR (data received) output 
high when a byte has been decoded, and this 
output can then be reset by applying a low 
level to the DRR (data received reset) input. 


Transistor TR1 operates as a simple com- 
mon emitter inverter stage which is preceded 
by a resistor/diode circuit to protect it against 
excessive base-emitter voltages and currents. 
This is a very basic form of level shifter and 
inverter stage, but in my experience circuits 
of this general type perform quite reliably in 
practice. 


Twin Outputs 

The additional circuit required in order to 
provide the unit with twin 8-bit output ports 
is shown in Fig.3. Transistor TR3 is the in- 
verter which fits between the DR output and 
DRR input. Capacitor C5 provides a short 
delay before the DR flag is reset, and this is 
simply to ensure that the output pulses are of 
sufficient duration to drive ICS properly. 

IC5 is a CMOS 4017BE one of ten de- 
coder, but in this circuit diode D2 is con- 





Fig. 2. The basic serial to parallel converter circuit diagram. 


In order to produce the required clock 
pulses it is therefore just a matter of driving 
the DRR input from the DR output via an 
inverter. The DR flag then automatically 
resets itself. 


Circuit Description 

The circuit diagram for the basic 8-bit ver- 
sion of the converter is shown in Fig. 2. [C2 
is the UART, and as this is both a MOS 
device and a fairly expensive type, the stan- 
dard anti-static handling precautions should 
be taken when dealing with it. 

The word format is programmed by apply- 
ing the appropriate set of logic levels to pins 
35 to 39 and taking pin 34 (the control regis- 
ter load input) high. With these inputs taken 
to the states shown in Fig.2 the word format 
is set at one start bit, eight data bits, one stop 
bit, and no parity. 

This is the obvious format to use as it is the 
default one of the BBC computers. Also, it 
uses a total of only ten bits per byte, but 
provides full eight bit bytes of data. 

Table.1 shows the other formats available, 
and the programming codes needed to select 
them. Note that for word formats which have 
less than eight bits it is the most significant 
bit or bits that are not implemented. Resistor 
R6 and capacitor C3 provide IC2 with a reset 
pulse at switch-on. 

The clock oscillator is a standard crystal 
type which is based on transistor TR2, and 
the divider circuit (ICI) is a CMOS 4024BE 
seven stage binary divider. For baud rates of 
1200, 2400, 4800, and 19200 baud drive pin 
17 of IC2 from pin 3, 4, 5, or 9 (respectively) 
of ICI. 
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nected to reset the device when output “2” 
goes high. It therefore operates as a simple. 
divide by two flip/flop with outputs “O” and 
“1°” acting as the Q and not Q outputs re- 
spectively. 

Capacitor C7 and resistor R11 provide an 
initial reset pulse to ICS at switch on, so that 
it always commences with the Q output high 
and the not Q output low. This is important, 
as otherwise the bytes of data could be 
directed to the wrong data latches. 

The latter are 74LS273 octal D type flip/f- 
lops. The outputs of the UART connect to 
their data inputs, while their Q outputs pro- 
vide the sixteen latched output lines. The 
latching signals are fed to what are strictly 
speaking the ‘clock pulse” inputs rather than 
the latch inputs. The C-R networks provide 
negative reset pulses at switch-on, and all 
sixteen outputs initially go the low state. 


In Use 

When the BBC computer is switched on it 
sometimes seems to produce spurious signals 
on the serial output that can put this unit 
“out-of-sync”, and I would therefore rec-: 
ommend that power should be applied to the 
interface after the computer has been 
switched on. 

The interface can be powered from the 
computer if desired, and there then seems to 
be no problem with the unit responding to 
spurious signals at switch-on. As an initial 
check, use a multimeter or logic tester to 
ensure that all sixteen outp;uts are at logic 0 
(i.e. about 0 to 0.8 volts). 

Assuming that the recommended baud 
rate of 9600 is to be used, the operating 
system command ‘“*FX8,7 will set the BBC 
computer to the correct transmission baud 
rate. Page 424 of the ‘‘User Guide’ provides 
the operating system calls for other trans- 
mission baud rates. 


Fig. 3. Additional circuit diagram to provide sixteen output lines. 


pas 
“ 
74LS273 


74LS273 
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Sending Data 


Provided no second processor is fitted, the 


Table q: Format Codes easiest way to send data to the ports is to 


write direct to the transmit register of the 


Pin No’s 6850 serial interface chip at address &FE09. 

To check that everything is working prop- 

eek one PARITY STOP BITS erly, try these two commands:-?&FE09=15 
& & FE09=240 


On Port A this should set AO to A3 high, 
and A4 to A7 low. On Port B it is B4 to B7 
that should be high, and BO to B3 that 
should be low. 

If you send data to the serial port using 
operating system commands you may find 
that the computer refuses to transmit data, 
but writing direct to the 6850 is successful. 
This seems to be due to the operating system 
reading the CTS line and not sending data 
until it is at the correct state. 

Unfortunately, it seems to drift to the 
hold-off state if it is left floating. Simply 
linking the CTS and RTS terminals of the 
RS423 port seems to be the easiest solution. 

Having the two ports at the same address 
slightly complicates any software which uses 
the ports. The easiest way of handling things 
is probably to have the values for the ports 
held in variables (‘‘A” and “‘B” being the 
obvious choices for the variable’s names). 

Have a short PROCedure which outputs 
variable A and then variable B to address 
&FEO09 each time it is called. When a new 
value must be sent to one of the ports, it is 
then just a matter of changing the appro- 
priate variable and then calling the PRO- 
Cedure. 


Experimentation 

Sixteen output lines are probably sufficient 
for most requirements, but it would probably 
be possible to modify the circuit to provide 
more outputs. This would be a matter of 
adding more latches and bringing more out- 
puts of ICS into operation. 

In order to avoid overloading the outputs 
of the UART it might be necessary to use a 
CMOS version of the 74273 for each data 
latch, and inverters might be needed at the 
outputs of ICS. It should be a worthwhile 
avenue for experimentation, but I must 
admit that I have not tried it, and can not 
guarantee that this method of expansion is 
feasible. 

Also, bear in mind that adding further 
latches will generally slow things down and 
make the software that much more cumber- 
some. Keep things within reason. 





: pee ye 
TO PROBLEMS | o 
5.1 (a) 2716 (HN462716, 









52 (a) 6147 (HM6147, HM6147- 3, 5.3 (a) 16K bytes 


~HN462716G) HM6147P, : (b) 32K bytes 
ie Hitachi — HM6147P-3) (c) 4 
- (d) 2K bee” . _ (ce) CMOS static RAM (e) (i) RAM 
e) 2048 woldexe bits — {d) 4096 words~x1 bit (ii) RAM 
(i) 24. (e) (i) 18 (iii) /O 
(ii) 9 (iv) nothing — 
(iii) 1 (i.e. unpopulated) 


oe - (v) ROM 
Vv : 
(vi) 10 
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Ait RREQUENCY COUNTER 


IN THE NEW STYLE WINTER 1987/88 
Carkif catavocue : 


@ Oscilloscope Digital Storage Unit 
@ Temperature Controlled Irons 
@ 5 and 50W RF Power Heads 

@ S&£s of Discount Vouchers 

@ Easy to Enter Competition 

® Quantity Price Discounts 

@ PCB Prototyping System 

@ 2 new HF Receiver kits 

@ 24 hour order line 

@ Component Packs 

@ 12 new books 

@ Special Offers 











Available from your local newsagent or 
direct from Cirkit at the address shown below 


Ola dime Olejialelelicelam mcer 


Park Lane, Broxbourne, Herts EN10 7NQ 
Telephone (0992) 444111 Telex: 22478 






0983 
= Xen-Electronics FY 292347 


pe a eet of stock, ask for items not listed 










100,F 16V .06 | 0.5 Watt5% 
100uF 25V 07 | 102 to 10M Each .04 


100,F 35V —.08 

100,F50V. «19 
Thermister 
Bead (NTC) 
GM472W (4.7K)1.95 


21 

Potentiometers 
PCB Mount 
Cermet Top Adj 




















1S5WSkt 1.02 | Metallised 
1SWPlug .39 | Polyester 
25W Plug 2.15 | 5/7.5mm Pitch 


0.01,F 100V .08 
0.022,.F 63V .08 
0.047,.F 100V .08 





RS232 to Centronics 
Converter 

Kit Only 18.40 
780 Based 

Controller Board, 
4Mhz Kit Only 20.45 
Ultrasonic Tape- 
measure 
(Display Module 
Extra 






5Vl AW 
TV5 .4W 
9V1 .4W 










Mail or FeGubons Orders Only Please To: 
DEPT 14, SAMUEL WHITES ESTATE, 
BRIDGE ROAD, COWES, ISLE OF WIGHT, PO31 7LP 


Please add £] for Ist class post and packing, and 15% VAT 
to total. Stock listing available soon, please send SAE to 
be put on the mail list 
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JOIN UP WITH LITESOLD 








Professional Soldering Equipment at Special Mail-Order Prices. 








EC50 Mains Electronic Iron. 


° 


proportional electronic temperature 
control inside the handle. Adjustable 

280° to 400°C. Burn-proof 3-wire 

) mains lead. Fitted 3.2mm Long-Life 
Features ad -free, solid state bit. 1.6, 2.4 and 4.7mm available. 240v a.c. 


SK18 Soldering Kit. £16.70 

Build or repair any electronic project. 
LC18 240v 18w iron with 3.2, 2.4, 
and 1.6mm bits. Pack of 18 swg 
flux-cored 60/40 solder. Tweezers. 

3 soldering aids. Reel of De-Solder 
braid. In PVC presentation wallet. 


ADAMIN Miniature lron £7.69 













































nylon handle with finger grip. 


—o ee Interchangeable bits available 1.2, 
1.6, 2.4, 3.4 and 4.7mm. Fitted with 


2.4mm. 240v 12w (12v available). 
Presentation wallet. 


Possibly smallest mains iron in the 
world. Ideal for fine work. Slim 





‘U Series Lightweight Irons. 12w £7.68 


High efficiency irons for all 
electronic hobby work. Non-roll 
handles with finger guards. 18w £7.74 
Stainless steel element shafts. Screw- model, 12w, 2.4mm bit. LC 18 Model, 
connected elements. Slip-on bits 18w, 3.2mm bit. 240v Std — 12v 
available from 1.6 to 4.7mm. LA12 available. Presentation wallet. 


Soldering Iron 









Designed specially for LITESOLD irons. 


Stands 384 (7AKK (¢ = Heavy, solid-plastic base with non-slip pads. 
£6.06 ANY NG ae Won't tip over, holds iron safely. With wiping 
No. 5 sponge and location for spare (hot) bits. 
£6.28 ss No 5 stand for EC50 iron No 4 stand 


4 for ADAMIN miniature Iron No 3 stand 
for LAI2 and LC18 Irons. 





Replacement Bits Pre-tinned face (Long Life). State tip 
For all above irons. Non-stick size, iron and type. 

designs, machined from special Copper LIL 

copper alloy, with Inconel retaining EC50 £1.92 
rings. Two types — Chromium plated © Adamin 12 and 

with copper face (for economy and eS=——— £1.06 £1.90 
ease of use) and Iron plated with LC1i8 coe £1.20 £2.09 


Yellow £1.38 Green £1.44 


For simple, safe and effective 
de-soldering of all types of joint, 
using a standard soldering iron. 
Handy colour-coded packs of 1.5 
metres in 3 widths: Yellow — 1.5mm, 
Green — 2mm, Blue — 3mm. 





Blue £1.50 per Reel 
De-Solder Pumps £7.71 


High Quality version of increasingly 
popular type of tool. Precision made — thumb operation. Automatic inaciden 






ejection. Conductive PTFE nozzle - 
no static problems. 


anodised aluminium body, plunger 
guard and high-seal piston. Easy 









Top quality Japanese metric hardened and tempered 
(| tools. Swivel-top chrome plated brass handles. 
Dy Fitted plastic cases. 113 set — 6 miniature 
Ze screwdrivers 0.9 to 3.5mm £3.60 
Y) 305 set 2 crosspoint and 3 hex wrenches 
1.5 to 2.5mm £2.56 
228 set 20 piece combination: 
5 open, 5 skt spanners, 2 crosspoint, 3 hex 
and 3 plain drivers, scriber, handle/holder £8.46 


Microcutters. £5.39 Light weight hardened and 
precision ground. Flush cutting. Screw joint, return 
spring, cushion-grip handles. Safety wire-retaining clip. 


Soldering Aids. Set of 3 £4.22 
—— fF = _~—Scraper!Knife, Hook/Probe, 





> SCOCs=BrusshFoork. 3 useful double-ended 
= aids to soldering/desoldering/ 
assembly. In plastic wallet. 


ADAMIN Electric Stylus. £16.71 

. Writes like a ballpoint in Gold, Silver, Copper or 6 
colours, on card, plastics, leather etc. Personalise 
wallets, bags, albums, books, weirs 
models ... Operates at 4.5v from its own plug/ 
transformer — totally safe. Supplied with coloured foils. 


SEND FOR OUR ORDER FORM TODAY 
AND JOIN UP WITH THE PROFESSIONALS 


Prices include p&p and VAT. Send order with Cheque/PO. Ring for Access’ Visa sales, or ask for order forms. 


LIGHT SOLDERING DEVELOPMENTS LTD. DEPT.EE 















97-99 GLOUCESTER ROAD, CROYDON CRO 2DN. 01 689 0574 
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BOOK 


SIERWICE 


— PROJECT CONSTRUCTION 





HOW TO GET YOUR 

ELECTRONIC PROJECTS WORKING 

R. A. Penfold 

We have all built projects only to find that they did not 
work correctly, or at all, when first switched on. The aim 
of this book is to help the reader overcome just these 
problems by indicating how and where to start looking 
for many of the common faults that can occur when 
building up projects. 

96 pages Order code BP110 £1.95 


HOW TO DESIGN AND MAKE 

YOUR OWN P.C.B.s 

R. A. Penfold 

Deals with the simple methods of copying printed circuit 





ELECTRONICS SIMPLIFIED 

—CRYSTAL SET CONSTRUCTION 

F. A. Wilson, C.G.1.A., C.Eng., F.1.E.E., F.1.E.R.E., 
F.B.1.M. 

Especially written for those who wish to participate in the 
intricacies of electronics more through practical con- 
struction than by theoretical study. It is designed for all 
ages upwards from the day one can read intelligently and 
handle simple tools. 

80 pages Order Code BP92 £1.75 





50 CIRCUITS USING GERMANIUM 
SILICON AND ZENER DIODES 

R. N. Soar 

Contains 50 interesting and useful circuits and applica- 
tions, covering many different branches of electronics, 
using one of the most simple and inexpensive of 
components—the diode. Includes the use of germanium 
and silicon signal diodes, silicon rectifier diodes and 


Zener diodes, etc. 
64 pages Order Code BP36 £1.50 


50 SIMPLE LED CIRCUITS 
R. N. Soar 
Contains 50 interesting and useful circuits and applica- 


50Circuits Using 
Germanium 
Tiiteeat Pacis 
Diodes 





to be easily learnt and understood. The shortcomings are 
then discussed and the reader is shown how these can 
be overcome by changes and additions to the instruction 
set. In this way, such ideas as relative addressing, index 
7 pba etc., are developed. 





The books listed on these three pages 


have been selected as being of special 
interest to our readers, they are supplied 


from our editorial address direct to your 


door. Full ordering details are given on the 
last book page. 








board designs from magazines and books and covers all 
aspects of simple p.c.b. construction including photo- 
graphic methods and designing your own p.c.b.s. 

80 pages Order code BP121 £1.95 


BEGINNER’S GUIDE TO BUILDING 

ELECTRONIC PROJECTS 

R. A. Penfold 

Shows the complete beginner how to tackle the practical 
side of electronics, so that he or she can confidently build 
the electronic projects that are regularly featured in 
magazines and books. Also includes examples in the 
form of simple projects. 

112 pages Order code No. 227 £1.95 


CIRCUITS AND DESIGN 


MICRO INTERFACING CIRCUITS-BOOK 1 
MICRO INTERFACING CIRCUITS-BOOK 2 
R. A. Penfold 

Both books include practical circuits together with details 
of the circuit operation and useful background informa- 
tion. Any special constructional points are covered but 
p.c.b. layouts and other detailed constructional informa- 
tion are not included. 

Book 1 is mainly concerned with getting signals in and 
out of the computer;. Book 2 deals primarily with circuits 
for practical applications. 

Book 1 77/2 pages Order code BP130 
Book 2 17/2 pages Order code BP131 


£2.25 
£2.25 























A MICROPROCESSOR PRIMER 

E. A. Parr, B.SC., C.Eng., M.1.E.E. 
Starts by designing a small computer which, because of 
its simplicity and logical structure, enables the language 


pages Order code BP72 £1.75 








PRACTICAL ELECTRONIC 
BUILDING BLOCKS-BOOK 1 

PRACTICAL ELECTRONIC 
BUILDING BLOCKS-BOOK 2 


R. A. Penfold 
These books are designed to aid electronic enthusiasts 
who like to experiment with circuits and produce their 
own projects, rather than simply following published 
project designs. 


BOOK 1 contains: Oscillators—sinewave, triangular, 
Squarewave, sawtooth, and pulse waveform generators 
operating at audio frequencies. Timers—simple mono- 
Stable circuits using i.c.s, the 555 and 7555 devices, etc. 
Miscellaneous—noise generators, rectifiers, compara- 
tors and triggers, etc. 


BOOK 2 contains: Amplifiers—iow level discrete and 
Op-amp circuits, voltage and buffer amplifiers including 
d.c. types. Also low-noise audio and voltage controlled 
amplifiers. Filters—high-pass, low-pass, 6, 12, and 24dB 
per octave types. Miscellaneous—i.c. power amplifiers, 
mixers, voltage and current regulators, etc. 


BOOK 1 Order code BP117 £1.95 


128 pages 
BOOK 2 Order code BP118 £1.95 


112 pages 





tions, covering many different branches of electronics, 
using one of the most inexpensive and freely available 
components—the light-emitting diode (LED). Also in- 
cludes circuits for the 707 common anode display 

64 pages Order Code BP42 £1.95 


A PRACTICAL INTRODUCTION TO 
MICROPROCESSORS 

R. A. Penfold 

Provides an introduction which includes a very simple 
microprocessor circuit which can be constructed so that 
the reader can experiment and gain practical experience. 
96 pages Order code BP123 £1.95 












HOW TO DESIGN ELECTRONIC 
PROJECTS 

R. A. Penfold 

The aim of this book is to help the reader to put together 
projects from standard circuit blocks with a minimum of 
trial and error, but without resorting to any advanced 
mathematics. Hints on designing circuit blocks to meet 
your special requirements are also provided. 

128 pages Order code BP127 £2.25 





POPULAR ELECTRONIC CIRCUITS 


-BOOK 1 
COIL DESIGN AND CONSTRUCTION MANUAL POPULAR ELECTRONIC CIRCUITS 
B. B. Babani -BOOK 2 
A complete book for the home constructor on ‘‘how to HOW TO USE OP-AMPS R. A. Penfold 


make" RF, IF, audio and power coils, chokes and 
transformers. Practically every possible type is dis- 
cussed and calculations necessary are given and ex- 
plained in detail. Although this book is now rather old, 
_with the exception of torroids and pulse transformers 
little has changed in coil design since it was written. 

96 pages Order Code 160 £2.50 


E. A. Parr 
This book has been written as a designer's guide 
covering many operational amplifiers, serving both as a 
source book of circuits and a reference book for design 
calculations. The approach has been made as non- 

BOOK 1 Temporarily out of print 


mathematical as possible. 
£2.95 BOOK2 /60pages Ordercode BP98 £2.25 


160 pages Order code BP8&8 
nn 


Each book provides a wide range of designs for elec- 
tronic enthusiasts who are capable of producing working 
projects from just a circuit diagram without the aid of 
detailed construction information. Any special setting-up 
procedures are described. 
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ELECTRONICS TEACH-IN 

Michael Tooley BA and David Whitfield MA MSc 
CEng MIEE (Published by EE) 

This value for money EE book provides a comprehensive 
background to modern electronics including test gear 
projects. A complete course in basic electronics; designed 
for the complete newcomer it will however also be of value 
to those with some previous experience of electronics. 
Wherever possible the course is related to ‘‘real life” 
working circuits and each part includes a set of detailed 
practical assignments. Includes details of eight items of 
related test gear giving full constructional information and 
diagrams for each one. They are: Safe Power Supply; 
Universal LCR Bridge; Diode/Transistor Tester; Audio 
Signal Tracer; Audio Signal Generator; RF Signal 
Generator; FET Voltmeter; Pulse Generator. An excellent 
companion for anyone interested in electronics and 
invaluable for those taking G.C.S.E. electronics courses. 
104 pages (A4 size) Order code EE/T-I £1.95 


PRACTICAL ELECTRONICS 

CALCULATIONS AND FORMULAE 

F. A. Wilson, C.G.1.A., C.Eng., F.1.E.E., F.1.E.R.E., 
F.B.1.M. ; 

Bridges the gap between complicated technical theory, 
and ‘‘cut-and-tried’’ methods which may bring success 
in design but leave the experimenter unfulfilled. A strong 
practical bias—tedious and higher mathematics have 
been avoided where possible and many tables have been 
included. 

The book is divided into six basic sections: Units 
and Constants, Direct-current Circuits, Passive Compo- 
nents, Alternating-current Circuits, Networks and Theo- 
rems, Measurements. 

256 pages Order Code BP53 £2.95 


ESSENTIAL THEORY FOR THE 

ELECTRONICS HOBBYIST 

G. T. Rubaroe, T.Eng (C.E.1.), Assoc.1.E.R.E. 

The object of this book is to supply the hobbyist with a 
background knowledge tailored to meet his or her 
specific requirements and the author has brought to- 
gether the relevant material and presented it in a readable 
manner with minimum recourse to mathematics. 

128 pages Order Code 228 £2.50 


MICROPROCESSING SYSTEMS AND CIRCUITS 
F. A. Wilson, C.G.1.A., C.Eng., F.1.E.E., F.1.E.R.E., 
F.B.1.M. 

A truly comprehensive guide to the elements of micro- 
processing systems which really starts at the beginning. 
Teaches the reader the essential fundamentals that are 
so important for a sound understanding of the subject. 

256 pages Order Code BP77 £2.95 


COMMUNICATION 

F. A. Wilson, C.G.1.A., C.Eng., F.1.E.E., F.1.E.R.E., 
F.B.1.M. 

A look at the electronic fundamentals over the whole of 
the communication scene. This book aims to teach the 
important elements of each branch of the subject in a 
style as interesting and practical as possible. While not 
getting involved in the more complicated theory and 
mathematics, most of the modern transmission system 
techniques are examined including line, microwave, 
submarine, satellite and digital multiplex systems, radio 
and telegraphy. To assist in understanding these more 
thoroughly, chapters on signal processing, the electro- 
magnetic wave, networks and transmissions assess- 
ment are included, finally a short chapter on optical 
transmission. 







256 pages Order Code BP89 £2.95 
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DATA AND REFERENCE 


ELECTRONIC HOBBYISTS HANDBOOK 

R.A. Penfold 

Provides an inexpensive single source of easily located 
information that the amateur electronics enthusiast is likely 
to need for the day-to-day pursuance of this fascinating 
hobby. Covers common component colour codes. Details 
the characteristics and pinouts of many popular 
semiconductor devices, including various types of logic 
ICs, operational amplifiers, transistors, FETs, unijunctions, 
diodes, rectifiers, SCRs, diacs, triacs, regulators and 
SMDs, etc. Illustrates many useful types of circuits, such 
as timers and oscillators, audio amplifiers and filters, as 
well as including a separate section on power supplies. 
Also contains a multitude of other useful data. 


88 pages Order code BP233 £4.95 


AUDIO 

F. A. Wilson, C.G.1.A., C.Eng., F.1.E.E., F.1E.R.E., 
F.B.1.M. 

Analysis of the sound wave and an explanation of 
acoustical quantities prepare the way. These are fol- 
lowed by a study of the mechanism of hearing and 
examination of the various sounds we hear. A look at 
room acoustics with a subsequent chapter on micro- 
phones and loudspeakers then sets the scene for the 
main chapter on audio systems—amoplifiers, oscillators, 
disc and magnetic recording and electronic music. 

320 pages Order Code BP111 £3.50 


HOW TO IDENTIFY UNMARKED ICs 

K. H. Recorr 

Shows the reader how, with just a test-meter, to go 
about recording the particular signature of an unmarked 
i.c. which should enable the i.c. to then be identified with 
reference to manufacturers’ or other data. An i.c. 
signature is a specially plotted chart produced by mea- 
suring the resistances between all terminal pairs of an i.c. 
Chart Order code BP101 £0.95 


RADIO AND ELECTRONIC COLOUR CODES AND 
DATA CHART 
B. B. Babani 
Although this chart was first published in 1971 it 
provides basic information on many colour codes in use 
throughout the world, for most radio and electronic 
components. Includes resistors, Capacitors, transfor- 
mers, field coils, fuses, battery leads, speakers, etc. It is 
particularly useful for finding the values of old 
components. 

£0.95 


Chart Order code BP7 


CHART OF RADIO, ELECTRONIC, 
SEMICONDUCTOR AND LOGIC SYMBOLS 

M. H. Banani, B.Sc.(Eng.) 

Illustrates the common, and many of the not-so-com- 
mon, radio, electronic, semiconductor and logic symbols 
that are used in books, magazines and _ instruction 
manuals, etc., in most countries throughout the world. 
Chart Order Code BP27 £0.95 


INTERNATIONAL TRANSISTOR 

EQUIVALENTS GUIDE 

A. Michaels 

Helps the reader to find possible substitutes for a popular 
selection of European, American and Japanese transis- 
tors. Also shows material! type, polarity, manufacturer 


and use. 
320 pages £2.95 


Order code BP85 
























RECOMMENDED READING 
FOR... 
INTRODUCING 
MICROPROCESSORS 


PRACTICAL DIGITAL ELECTRONICS HANDBOOK 


"Mike Tooley (Published in association with EE) 


The vast majority of modern electronic systems rely heavily 
on the application of digital electronics, and the Practical 
Digital Electronics Handbook aims to provide readers with 
a practically based introduction to this subject. The book 
will prove invaluable to anyone involved with the design, 
manufacture or servicing of digital circuitry, as well as to 
those wishing to update their knowledge of modern digital 
devices and techniques. Contents: Introduction to 
integrated circuits; basic logic gates; monostable and 
bistable devices; timers; microprocessors; memories; input 
and output devices; interfaces; microprocessor buses. 
Appendix 1: Data. Appendix 2: Digital test gear projects; 
tools and test equipment; regulated bench power supply; 
logic probe; logic pulser; versatile pulse generator; digital 
iC tester; current tracer; audio logic tracer; RS-232C 
breakout box; versatile digital counter/ frequency meter. 
Appendix 3: The oscilloscope. Appendix 4: Suggested 
reading. Appendix 5: Further study. 

208 pages Order code PC100 £6.95 


TRANSISTOR SELECTOR GUIDE 

This unique guide offers a range of selection tables 
compiled so as to be of maximum use to all electronics 
engineers, designers and hobbyists. 

Section 1: Covers component markings, codings and 
standards, as well as explaining the symbols used. 
Section 2: Tabulates in alpha-numeric sequence the 
comprehensive specifications of over 1400 devices. 
Section 3: Tabulates the devices by case type. 

Section 4: Considers particular limits to the electrical 
parameters when compiling the tables. 

Section 5: Illustrates package outlines and leadouts. 
Section 6: Consists of a surface mounting device markings 
conversion list. 

192 pages Order code BP234 £4.95 


TRANSISTOR RADIO FAULT-FINDING CHART 
C. E. Miller 

Used properly, should enable the reader to trace most 
common faults reasonably quickly. Across the top of the 
chart will be found four rectangles containing brief 
description of these faults, vis—sound weak but undis- 
torted, set dead, sound low or distorted and background 
noises. One then selects the most appropriate of these 
and following the arrows, carries out the suggested 
checks in sequence until the fault is cleared. 

Chart Order code BP70 £0.95 


DIGITAL IC EQUIVALENTS 

AND PIN CONNECTIONS 

A. Michaels 

Shows equivalents and pin connections of a popular 
selection of European, American and Japanese digital 
i.c.s. Also includes details of packaging, families, func- 
tions, manufacturer and country of origin. 

256 pages Order code BP140 £4.95 


LINEAR IC EQUIVALENTS 

AND PIN CONNECTIONS 

A. Michaels 

Shows equivalents and pin connections of a popular 
selection of European, American and Japanese linear 
i.c.s. Also includes details of functions, manufacturer 
and country of origin. 

320 pages Order code BP141 £4.95 


INTERNATIONAL DIODE 

EQUIVALENTS GUIDE 

A. Michaels 

Designed to help the user in finding possible substitutes 
for a large selection of the many different types of diodes 
that are available. Besides simple rectifier diodes, also 
included are Zener diodes, |.e.d.s, diacs, triacs, thyris- 
tors, OCls, photo and display diodes. 
144 pages Order code BP108 £2.25 


NEWNES ELECTRONICS 

POCKET BOOK 

E. A. Parr 

Newnes Electronics Pocket Book has been in print for 
over twenty years and has covered the development of 
electronics from valve to semiconductor technology and 
from transistors to LSI integrated circuits and micro- 
processors. To keep up to date with the rapidly changing 
world of electronics, continuous revision has been 
necessary. This new Fifth Edition takes account of recent 
changes and includes material suggested by readers of 
previous editions. New descriptions of op.amp. applica- 
tions and the design of digital circuits have been added, 
along with a totally new chapter on computing, plus 
other revisions throughout. 

315 pages (hard cover) OrderCode NEO2 £8.95 





TO ORDER 


Plese see the following 
page for full 
ordering details 








GETTING THE MOST FROM YOUR PRINTER 

J. W. Penfold 

Details how to use all the features provided on most dot- 
matrix printers from programs and popular word proces- 
sor packages like Wordwise, Visawrite and Quill, etc. 
Shows exactly what must be typed in to achieve a given 


effect. 
96 pages Order Code BP181 £2.95 


A Z80 WORKSHOP MANUAL 

E. A. Parr, B.Sc., C.Eng., M.1.E.E. 

This book is intended for people who wish to progress 
‘beyond the stage of BASIC programming to topics such 

as machine code and assembly language programming, 

or need hardware details of a Z80 based computer. 

192 pages Order Code BP112 £3.50 


AN INTRODUCTION TO 68000 ASSEMBLY 
LANGUAGE 

R. A. & J. W. Penfold 

Obtain a vast increase in running speed by writing 
programs for 68000 based micros such as the Commo- 
dore Amiga, Atari ST range or Apple Macintosh range 
etc., in assembly language. It is not as difficult as one 
might think and this book covers the fundamentals. 

112 pages Order Code BP184 £2.95 


THE ART OF PROGRAMMING THE ZX 
SPECTRUM 

M. James, B.Sc., M.B.C.S. 

It is one thing to have learnt how to use all the 
Spectrum's commands and functions, but a very differ- 
ent one to be able to combine them into programs that 
do exactly what you want them to. This is just what this 
book is all about—teaching you the art of effective 
programming with your Spectrum. 

144 pages Order code BP119 £2.50 


AN INTRODUCTION TO PROGRAMMING THE 
COMMODORE 16 & PLUS 4 

R. A. Penfold 

Helps you to learn to use and program these two 
Commodore machines with the minimum of difficulty by 
expanding and complementing the information supplied 
in the manufacturer's own manuals. 

128 pages Order code BP158 £2.50 


AN INTRODUCTION TO PROGRAMMING THE 
BBC MODEL B MICRO 

R.A. & J. W. Penfold 

Written for readers wanting to learn more about pro- 
gramming and how to make best use of the incredibly 
powerful model B’s versatile features. Most aspects of 
the BBC micro are covered, the omissions being where 
little could usefully be added to the information provided 
by the manufacturer’s own manual. 

144 pages Order code BP139 £1.95 
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AN INTRODUCTION TO RADIO DXING 

R. A. Penfold 

Anyone can switch on a short wave receiver and play 
with the controls until they pick up something, but to find 
a particular station, country or type of broadcast and to 
receive it as clearly as possible requires a little more skill 
and knowledge. The object’of this book is to help the 
reader to do just that, which in essence is the fascinating 


hobby of radio DXing. 
112 pages rder code BP91 £1.95 


INTERNATIONAL RADIO STATIONS 
GUIDE 

Completely revised and updated, this book is an invalu- 
able aid in helping all those who have a radio receiver to 
obtain the maximum entertainment value and enjoyment 
from their sets. 

Clearly shown are the station site, country, frequency 
and/or wavelength, as well as the effective radiation 
power of the transmitter. 

128 pages Order code BP155 £2.95 
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COMPUTING 


AN INTRODUCTION TO PROGRAMMING THE 
ACORN ELECTRON 

R. A. & J. W. Penfold 

Designed to help the reader learn more about program- 
ming and to make best use of the Electron’s many 
features. Adds considerably to the information already 
supplied in the manufacturer's own instruction manual. 
144 pages Order code BP142 £1.95 


AN INTRODUCTION TO PROGRAMMING THE 

ATARI 600/800 XL 

R.A. & J. W. Penfold 

Especially written to supplement the manufacturer's own 

handbook. The information supplied will help the reader 

to master BASIC programming and to make best use of 

the Atari’s many powerful features. 

128 pages Order code BP143 £1.95 

AN INTRODUCTION TO PROGRAMMING THE 

AMSTRAD CPC 464 AND 664 

R.A. & J. W. Penfold 

The Amstrad CPC 464 or 664 running with Locomotive 

BASIC makes an extremely potent and versatile machine 

and this book is designed to help the reader get the most 

from this powerful combination. Written to complement 

rather than duplicate the information already given in the 

ents own manual. Also applicable to the CPC 
128. 

144 pages Order Code BP153 £2.50 

AN INTRODUCTION TO PROGRAMMING THE 

SINCLAIR QL 

R. A. & J. W. Penfold 

Helps the reader to make best use of the fantastic Sinclair 

QL’s almost unlimited range of features. Designed to 


complement the manufacturer’s handbook. 
112 pages Order code BP150 £1.95 


AN INTRODUCTION TO Z80 MACHINE CODE 

R. A. & J. W. Penfold 

Takes the reader through the basics of microprocessors 
and machine code programming with no previous know- 
ledge of these being assumed. The Z80 is used in many 
popular home computers and simple programming ex- 
amples are given for Z80-based machines including the 
Sinclair ZX-81 and Spectrum, Memotech and the Am- 
strad CPC 464. Also applicable to the Amstrad CPC 664 
and 6128. 
144 pages Order code BP152 £2.75 
AN INTRODUCTION TO 6502 MACHINE CODE 
R. A. & J. W. Penfold 

No previous knowledge of microprocessors or machine 
code is assumed. Topics covered are: assembly lan- 
guage and assemblers, the register set and memory, 
binary and hexadecimal numbering systems, addressing 
modes and the instruction set, and also mixing machine 
code with BASIC. Some simple programming examples 
are given for 6502-based home computers like the VIC- 
20, ORIC-1/Atmos, Electron, BCC and also the Commo- 


dore 64. 
112 pages Order code BP147 £2.50 
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RECOMMENDED READING 


‘'WICROPROCESSORS 


BEGINNERS GUIDE TO MICROPROCESSORS 

E.A. Parr 

An excellent grounding in microprocessors, this book is 
broadly relevent to the whole of our Introducing 
Microprocessors course. It is easy to read and well 
illustrated. 

224 pages Order code NE03 £4.95 


MICROELECTRONIC SYSTEMS 2 CHECKBOOK 

R. Vears 

The aim of this book is to provide a foundation in 
microcomputer hardware, software and _ interfacing 
techniques. Each topic is presented in a way that assumes 
only an elementary knowledge of microelectronic systems 
and logic functions. The book concentrates on 6502, Z80 
and 6800 microprocessors and contains 60 tested 
programs, 160 worked problems and 250 further problems. 
194 pages Order code NE04 £4.95 
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THE PRE-BASIC BOOK 

F. A. Wilson, C.G.1.A., C.ENG., F.1.E.E., F.1.E.R.E., 
F.B.1.M. 

Another book on BASIC but with a difference. This one 
does not skip through the whole of the subject and 
thereby leave many would-be programmers floundering 
but instead concentrates on introducing the technique by 
looking in depth at the most frequently used and more 
easily understood computer instructions. For all new and 
pctential micro users. 

192 pages Order code BP146 £2.95 


HOW TO GET YOUR COMPUTER PROGRAMS 
RUNNING 

J. W. Penfoid 

Have you ever written your own programs only to find 
that they did not work! Help is now at hand with this book 
which shows you how to go about looking for your 
errors, and helps you to avoid the common bugs and 
pitfalls of program writing. Applicable to all dialects of 
the BASIC language. 

144 pages Order code BP169 £2.50 


AN INTRODUCTION TO COMPUTER 
COMMUNICATIONS 

R. A. Penfold 

Provides details of the various types of modem and their 
suitability for specific applications, plus details of con- 
necting various computers to modems, and modems to 
the telephone system. Also information on common 
networking systems and RTTY. 

96 pages Order code BP177 £2.95 


AN INTRODUCTION TO 

COMPUTER PERIPHERALS 

J. W. Penfold 

Covers such items as monitors, printers, disc drives, 
cassette recorders, modems, etc., explaining what they 
are, how to use them and the various types and 
standards. Helps you to make sure that the peripherals 
you buy will work with your computer. 
80 pages Order code BP170 £2.50 


COMPUTER TERMINOLOGY EXPLAINED 

1. D. Poole 

Explains a wide range of terms that form the computer 
jargon used by enthusiasts. Includes a reference guide to 
the more commonly used BASIC commands. 

96 pages Order code BP148 £1.95 


THE PRE-COMPUTER BOOK 

F. A. Wilson 

Aimed at the absolute beginner with no knowledge of 
computing. An entirely non-technical discussion of com- 
puter bits and pieces and programming. 

96 pages Order code BP115 £1.95 


NEWNES COMPUTER ENGINEER'S 
POCKETBOOK 

Michael Tooley 

An invaluable compendium of facts, figures, circuits and 
data, indispensable to the designer, student, service 
engineer and all those interested in computer and 
microcomputer systems. It will appeal equally to the 
hardware or software specialist and to the new band of 
“software engineers’’. This first edition covers a vast 
range of subjects at a practical level, with the necessary 
explanatory text. The data is presented in a succinct and 
rapidly accessible form so that the book can become part 


of an everyday toolkit. 
205 pages (hard cover) Order code NEO1 £8.95 
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and availability. 
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AUTO-WAGGLE 
JOYSTICK 


RICHARD CLARK 





Cheat a little—save your joystick 
wear—stop your wrist aching—all 
these are yours with our auto-waggle 
add on. Your game scores could 


improve dramatically! 


HERE are now on the market a large 

number of computer games, mainly of 

the sports simulation variety, which 
require the player to waggle the joystick left 
and right as quickly as possible. Whilst these 
games are great fun to play, they are unfortu- 
nately both tiring on the wrist and, much 
more serious, very hard on the joystick being 
used. Frequently this results in the early de- 
mise of the joystick in question. 

This article will show you a way of not only 
massively increasing your score but also sav- 
ing your joystick from destruction when 
playing these games. The circuit described 


can be fitted into a Quick Shot II joystick or ; 
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any other ‘‘switch type’? commercial unit 
with some room to spare, or built as a sep- 
arate complete joystick unit. 

There are some notes at the end of the 
article to help with the production of a home 
made joystick. Also some suggestions to 
connect this or any other auto-fire joystick to 
those computers which are not normally 
equipped to take such a useful accessory, for 
example, the Spectrum computer. 


CIRCUIT DESCRIPTION 
Before the actual circuit is described in 
detail we will take a brief look at the connec- 


















tions between the joystick and the computer. 
Taking the standard (well as near a standard 
as. we are likely to get) Commodore/Atari 9- 
pin “D” plug, see Fig. 1 for pinout details. 
This plug contains five direction lines, a com- 
mon ground line, a five volt line and two 
lines used for computer dependent purposes. 
The computer normally holds the five 
direction lines high internally. When the joy- 
stick takes any of these lines low, by connec- 
ting them to the common ground line with a 
simple switch, the computer senses this line 
has been taken low and performs the appro- 
priate action. 

As can be seen from this description to 
produce the required auto waggle effect it is 
only necessary to alternately ground the left 
and right direction lines. This is similar to the 
existing auto-fire found in some joysticks. 
This auto-fire effect is produced by a 555 
timer circuit which runs continuously and is 
switched to the fire button line by a change- 
over switch when required. In an early ver- 
sion of the auto waggle unit this timer circuit 


"was used to supply the pulses for the waggler 


but was found to be unsuitable because of 
the different speed requirements of the new 
unit. 

A word of caution before we go into the 
construction. The chips used in this unit are 
CMOS and must be handled with care. Pay 
particular attention to the prevention of 
Static; it is a good idea to touch an earthed 
point before handling the chips, avoid touch- 
ing the pins, use sockets for the chips and 
insert the chips last. 


Fig. 1. Commodore/Atari “D” plug 
connections. 
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The circuit is in two parts (Fig.2a, 2b), 
which are mounted on two small pieces of 
Veroboard shaped to fit the Quick Shot II 
joystick as detailed in Fig. 3. 

The circuit on board 1 (Fig. 2a) is built 
around a 4011 quad two input NAND gate. 
Gates ICla and [C1b along with R1+VR1, 
R2 and Cl are configured as a free running 
variable speed oscillator. This produces a 
square wave pulse train of variable fre- 
quency—approximately 4Hz to 800Hz. This 
pulse train is fed to IC1c which is used as a 
buffer. The output of IClc is fed to ICld 
which inverts the signal. The outputs of IC1c 
and ICid then give a pair of identical but 





Fig. 2a. The Auto-Waggle oscillator circuit which is built on board 1. 
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* PROM PING TO PIN'2 &13 Fig. 3. Construction of Board 1 
(above) and Board 2 (below) 
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Fig. 2b. Using the top fire button to 
control the Auto-Waggle. 
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Fig. 2c. Simple connection method. a ae 
ara %* UNDERBOARD LINK FROM 
PINS 5&6 TO PINS 12 &13 
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See page 158 *Double pole push button switch 
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opposite pulse trains of variable frequency. 
These two outputs are the required pulses to 
be fed to the left and right joystick lines. 

The pulses can be connected to the com- 
puter in different ways depending on the 
precise configuration of your joystick, the 
only important requirement being the con- 
nections must have floating outputs when not 
in use. 

Option 1: The simplest connection 
method is to use a double-pole changeover 
switch, momentary or latching, to connect to 
the left and right lines as in Fig. 2c. This is 
ideal for a home-made joystick or a re-used 
broken joystick fitted with left, right, fire 
and waggle buttons connected as shown in 
Fig. 3. The above photo shows an early pro- 
totype unit which is still sometimes pre- 
ferred. 

Option 2: The smart way is to utilise the 
top fire button on the Quick Shot II to con- 
trol the waggle. This requires board 2, circuit 
2b. Board 2 accommodates a 4066 quad bila- 
teral switch. The outputs from board 1 are 
fed to the inputs of the 4066 switches. The 
outputs of these switches being connected, 
via R4 and RS to the left and right lines of 
the joystick. The resistors R4 and RS5 pre- 
vent a dead short should the joystick be 
moved whilst the auto-waggle output is con- 
nected. The 4066 switches are held normally 
open by R3, which connects the switch line 
to the OV line, and closed by pressing the top 
fire button which connects the switch line to 
5V. These wires connecting the switch line to 
the top button must be of a very thin and 
flexible type. A separate button could be 
used if desired but the top fire button was 
thought to be both the most ideally placed 
and smartest looking solution to the switch 
requirement. 


CONSTRUCTION 

The construction of the boards 1 and 2 
should not present any problems if the layout 
in Fig. 3 is followed. Take care to make the 
correct breaks in the tracks, there are 15 in 
total, and fit the wire links. Sockets should 
be used for IC1 and IC2. All the components 
must lay as close as possible to the boards as 
space is restricted in the joystick. In particu- 
lar capacitor C1 should lay flat on the board 
as shown. 
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To save on the number of wire links, pins 1 
and 2, 5 and 6, 8 and 9, 12 and 13 on IC1 and 
pins 2 and 3, 5 and 6, 9 and 10, 12 and 13, on 
IC2, can be linked by solder bridges between 
the pins on the soldered side of the boards. 
Also pins 4 and 12 on IC1 and pins 5 and 12 
on [C2 are connected by short wire links 
under the boards. The connections between 
the boards should be around 60mm long. 


INSTALLATION 

The installation of the electronics into a 
Quick Shot II joystick is simple but fairly 
fiddly. To dismantle the joystick first remove 
the three screws holding the handle together. 
Gently prise the handle apart taking care not 
to pull the fire button wires.Pull the two 
circuit board switches out of their slots and 
lay aside the handle halves. Now turn the 
unit upside down and remove the four screws 
in the base. Whilst holding the unit together 
turn it back the right way up, then lift the top 
off the base, carefully threading the switches 


through the hole in the top. Lift the inner 
handle vertically from the base unit, note 
how the wires are threaded through the slot 
and fibre ring between the bottom of the 
handle and the joystick base. The circuit 
board may now be lifted off its mounting pins 
and away from the base. 

The only modification needed to the circ- 
uit board is to accommodate the variable 
resistor VR1. This requires a cutout in the 
corner of the board at the connection end. 
First pull off the green wire, then carefully 
saw off the corner as in Fig. 4, check this is 
the correct size for your VR1, then saw a slot 
next to the circuit board track to enable the 
green wire to be reconnected. Cut suitable 
notches in the case halves to take the 
spindle of VR1, which should be as tight to 
the corner of the case as possible. Slight 
trimming of the case may be required to 
obtain a good fit of VR1. 

Solder the five volt, ground and signal 
lines to the tracks on the p.c.b. as shown in 
Fig. 4. Disconnect the wires from between 
the top two fire buttons. Thread the switch 
and 5V wires from circuit board 2 up through 
the handle and solder to the top fire button 
in place of the ones just removed. The unit is 
now ready for final testing. 


TESTING 

If you are brave or confident spread the 
circuit boards out ensuring there are no short 
circuits, plug the unit into port 1: of your 
(expensive) computer. Everything should 
behave normally until the waggle button is 
pressed when a stream of ‘2’ ‘space’ should 
appear on the screen. If not switch off and 
check everything carefully. 

For the less brave connect a 5V supply to 
the circuit (see Fig. 4)—four 1.5V batteries 
will do (it’s all CMOS). The circuit should 
take a current of around 2.5mA. If you have 
a ’scope check for the pulse trains on the 
output of board | points A and B, then press 
the top fire button and check board 2 points 
C and D. If you do not have a ’scope connect 
a 0.25 capacitor across C1, this slows down 
the oscillator sufficiently to easily see the 
pulses. The pulses can now be seen with a 
logic probe or an ordinary multimeter set to 
volts, connected between ground and the 
appropriate pins. The pulse speed will 


Fig. 4. P.C.B. modification and connections for the two Veroboards. 
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AND TO FIRE BUTTON 
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depend on the setting of VR1. Try the other 
outputs to prove all is working correctly. 
When you are happy with the circuit remove 
the temporary capacitor. It should now be 
safe to try the joystick on your computer. 

When the circuit is correct you can re- 
assemble the joystick. First check the push- 
on tags on the original p.c.b. Now position 
the p.c.b. on the joystick base, slide board 1 
underneath the p.c.b. opposite VR1, note 
board | is mounted upside down, board 2 sits 
on top of the cable entry to the joystick. The 
photo on the right shows the boards in their 
final position. Ensure the cables are not 
trapped, interfering with the leaf switches or 
across any of the screw holes in the base. 
Position the inner handle, carefully placing 
the wires in the slot in the base. The notch in 
the ring on the bottom of the handle indi- 
cates the correct orientation. Fit the base top 
cover, turn the unit over and insert the four 
screws. Turn the unit the right way up, slide 
the fire and waggle switches into the handle, 
refit the outer handle and insert the three 
SCreWsS. 

Your auto waggle joystick is now ready for 
use, just one button to press and you are 
‘“‘world champion”’! 


HELPFUL HINTSC?) 


The connection of this auto-waggle joy. 
stick or any other auto-fire joystick is not 
possible to some computers; for example the 
Spectrum, because of its different joystick 
port configuration. Do not despair for it is 
possible to adapt the unit for this computer. 

For the Spectrum with a Kempston adap- 
tor unit, take the cover off the adaptor and 
you will notice that pin 7 on the D plug (the 
SV line in the Commodore plug) is not con- 
nected to anything. All that is required then 
is to connect this pin 7 to the SV supply, pin 
B3 on the edge connector bottom row. Re- 
assemble the adaptor and waggle away. A 
similar approach should work with any other 
Spectrum joystick adaptor. This modifica- 


tion also allows auto-fire joysticks to be used 
on the Spectrum. 

To produce a personalised joystick is quite 
straightforward. All that is required are five 
push-to-make-switches, a suitable case, a 
length of seven core cable and a 9 pin “‘D”’ 
plug. The cable and ‘“D” plug are best, i.e. 
cheapest, obtained from an extinct joystick 
(if you have not got one try your local com- 
puter shop). Connect up the switches as in 
Fig. 2d along with the auto-waggle unit. To 








obtain auto-fire as well, connect a wire from 
ICld output (pin 10) to a changeover switch 
connected into the fire button line in place of 
the line from the 555 timer unit which is seen 
in Fig. 2d (connection E shown dotted). This 
gives the extra advantage of an adjustable 
rate of fire. 

A small tip whilst you have your iron 
handy. Put a small amount of solder onto 
each of the direction switch pads under the 
leaf switches on the p.c.b. to improve the 
connection. The circuit board is coated with 
a layer of varnish which can interfere with 
the switch connection. I have had several 
apparently faulty joysticks where this was all 


that was required to get them working again. 
O 
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FOR YOUR ie ae 


ENTERTAINMENT 


BY BARRY FOX 





In The Picture 


Every year, with the first cuckoo of 
spring, someone predicts that there will 
“soon” be a thin, flat display panel to 
replace the traditional bulky cathode ray 
tube. Already there are portable TV sets 
which use flat displays. But for screens 
large enough for the living room, tubes 
remain both cheaper and better. 

Although Finlux recently scored publi- 
city with the promise of a panel which 
“hangs on the wall much like a picture 
frame” and will supposedly soon make 
conventional sets ‘obsolete’, the Finlux 
panel is still only 7in. in size which is far 
smaller than any conventional living 
room set. And it still only gives black and 
white pictures! 

Sony and Sir Clive Sinclair have sep- 
arately offered pocket TV sets which use a 
flattened cathode ray tube to give a black- 
and-white picture. The beam of electrons 
is turned back on itself to scan a screen 
onthe side. The Philips Research Labo- 
ratories Centre at Redhill has been work- 
ing on similar technology but warns that 
large flat tubes could weigh as much as a 
piano. The flattened shape is mechani- 
cally weak, so heavy glass and a steel 
frame are needed to withstand atmos- 
pheric pressure on the vacuum inside. 

Solid state displays are lighter but even 
more difficult to make in large sizes. The 
image is created by a matrix of individual 
cells, like a chess board, which generate 
picture points or pixels. 

To reproduce a colour TV image with 
no loss of quality, the panel would need 
0.7 million separate cells with connecting 
wires to control them. If the panel size is 
small, a matrix of less than 0.1 million 
picture cells can produce an image that 
looks clear. 

The new Ferguson pocket TV set (made 
in Japan by Epson) has 56,000 cells. Be- 
cause the screen is only 2.5 in. (diagonal) 
the eye is fooled by the small cells. 

When the panel size increases the cells 
get bigger and more must be used. This 
greatly increases cost. Also production 
yield of the panel falls because it is very 
_ difficult to make a panel with all cells 100 
per cent perfect. 

Unfortunately, any faulty cell stands 
out like a sore thumb as a stationary 
blemish in the TV picture. Manufacturers 
may be able to make one perfect proto- 
type—the trick is in mass producing fault- 
free panels which match a tube for pic- 
ture clarity and price. 

Some small portable TV sets, like the 
Ferguson-Epson, use liquid crystal dis- 
plays because small LCDs can be formed 
on a silicon wafer like a microchip. Also 
LCDs use little power, because they alter 
ambient light instead of emitting it. 

_ Colour is produced by tiny red, green 
and blue filters over groups of three cells. 
The penalty is a dim picture in dim light, 
unless a back-light is used. Top size for 
LCD screens is usually 5 in. 

Panels made from light emitting diodes 
(l.e.d.s) or gas discharge cells emit their 
own light so look brighter. But the image 
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is coarser because the individual cells are 
larger, and the panel consumes too much 
power for portable use. 

Electroluminescent panels, like the Fin- 
lux, generate light when a high voltage is 
passed through small spots of phospho- 
rescent material. Designers have had dif- 
ficulty making the cells small enough for 
a large clear picture at economical price 
and in matching the light output from the 
red, green and blue cells, so that the 
colours in the picture look natural and 
balanced. Hence the Finlux monochrome 
screen. 

Big displays are ideal for computer gra- 
phics where fine detail is not needed. But 
for true colour TV pictures, industry esti- 
mates are that cathode ray tubes will for 
at least five years be best for screen sizes 
over 11 in. 

Witness the fact that Sony has just in- 
vested yet more millions in the cathode 
ray tube plant in Wales. 


Down to Earth 

Here’s a tip that could be very useful, 
with the impending re-launch of Laservi- 
sion under the new guise of CD Video. 

More and more people will in future be 
hooking up a TV set, video recorder and 
video disc player with a hi fi system. 
Quite often the hi fi will be in a different 
part of the room to the video gear and TV 
set. So you will need long screened ca- 
bles to connect the two together. And 
there is a good chance you will get nasty 
hum or frame buzz breaking through into 
the hi fi sound. There are two things you 
should know. 

Most hi fi and video equipment is 
double-insulated, and thus fed from the 
mains by only a two-core lead. Intentio- 
nally, there is no earth to the mains. The 
earth returns for the audio and video 
leads runs through the screened cable 
braid, and from there down to earth 
wherever there is an earth connection. 

Make sure there is only one main 


Counterfeit Embargo 


Fake audio and video tapes, with a poor 
quality iron oxide coating that is little better 
than rust, can ruin the heads on a recorder. 
Replacing these in a video machine can eas- 
ily cost over £100. 

Until now some firms have got away with 
murder selling terrible quality tape under 
names which are either the same or almost 
the same as famous brands, e.g. TKD, Max- 
well or Sonny. The genuine manufacturer 
has to wait until it is on sale and then take 
private, civil action. 

As a lot of the junk comes in from abroad 
e.g. Hong Kong, it would be far easier to nail 
it at the docks or airport. But so far that 
hasn’t been legally practical. 

Well it’s bad news for the counterfeiters 
and good news for the rest of us. The Com- 
mon Market Eurocrats have taken time off 


earthing point for all this screening. 
Usually it will be at the hi fi amplifier. 

Don't be tempted to connect separate 
earthing wires to individual pieces of 
equipment. Using several earth points 
will create “earth loops’’ through which 
low level signals can run round in circles. 

Unwanted signals will be induced in 
the loops by radiation, for instance from a 
transformer or the tube coils of a TV set. 
This is what makes nasty sounds through 
the hi fi. 

Don’t use a separate power point for 
the two halves of an audio video set-up. 
Power all the audio and all the video 
equipment from the same wall socket. If 
necessary run an extension lead across 
the room. 

The problem here is that the mains 
power from different sockets may vary 
slightly in phase, depending on the load 
being placed on those sockets. The load 
can come from different parts of the A/V 
system, or from other electrical equip- 
ment elsewhere in the house. Slight mis- 
smatch of phase between the power 
supply for different parts of the same sys- 
tem can create “beat frequency’’ hum 
bars which roll up and down the TV pic- 
ture, or put buzz on the sound. 

So, if your A/V system plays odd tricks, 
which vary during the evening for no 
apparent reason (as electrical appliances 
in the house are switched on and off) 
make sure that everything in the A/V sys- 
tem is earthed to a single point and every- 
thing is running from a single power 
socket. 


Viewpoint 

Large screen video displays are now 
big business. 

There is nothing new in projecting a 
video image onto a screen, but getting a 
large bright picture is still very expensive. 
The reason for this is simple. In a film 
projector the starting point is a trans- 
parent image, through which light is con- 
centrated and then focused by a lens 
system. 

To increase the picture size and brilli- 
ance, all you do is increase the light 
source power. Of course this brings its 
own problems, like keeping the film 
frame cool, but it is tried and tested 
mechanical technology. 

The picture we see on a TV screen is 
created by an electron beam spot which 





from making mountains out of food and 
drink (to keep the price up) and done some- 
thing about the forgery problem. 

Ministers in Brussels have agreed to give 
Customs officers throughout the EEC power 
to seize any goods which are counterfeit. The 
new ruling came into force on 1 January and 
is tied to trademark ownership. 

Anyone with a registered trademark who 
suspects that competitors are importing 
counterfeit goods under the same or confu- 
singly similar name, can apply to their 
national Customs authority and point to a 
suspect consignment of goods. For a £500 fee 
the Customs will then check the goods, de- 
tain anything which infringes the trademark, 
and give the importer and complainant 10 
days to prove who is in the right or wrong. 
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is scanning a coating of light-emitting 
phosphors on the inner surface of the 
glass screen tube. So there is no trans- 
parent image through which light can be 
shone. 

A video projector throws an image ona 
reflective screen by focusing the light 
emitted by the tube. There is a finite limit 
to the amount of light which a tube can 
emit, and this puts a similar limit on pic- 
ture size and brilliance. Using three sep- 
arate image tubes, one for the red light 
component, one for the blue and one for 
green, increases light output but it can 
never match the 1000 watt lamp of a 
16mm film projector, let alone the arc 
lamp of a 35 or 70mm cinema projector. 

The most efficient video projectors, 
made by Eidophor in Switzerland and GE 
in America, use the light valve principle. 
The electron beam scans a thin film of oil 
which distorts in the shape of the image 
to create the temporary equivalent of a 
film frame. A triple system is needed for 
colour. 

Light valve projectors cost many tens— 
or hundreds—of thousands of pounds 
and are difficult to install and align. And 
even the most expensive light valve pro- 
jectors still have difficulty in producing 
watchable pictures in brightly lit sur- 
roundings. 

For sporting events and pop concerts, 
there are several systems now which 
build up a picture from a matrix of indi- 
vidual light sources. This goes back full 
circle to the days when John Logie Baird 
installed a light bulb screen in a London 
theatre for closed circuit television. A ma- 
trix of small lamps are switched on and 
off by the scanning signal. 

Ordinary light bulbs produce a very 
smeared image, because they heat and 
cool too slowly. It is much better, but 
more expensive, to use light emitting 
diodes, liquid crystal filters or even minia- 
ture TV tubes. 

Three different light sources, red, green 
and blue, are needed for each point of the 
picture—‘‘pixel’’—and obviously each 
light source has a finite size. So the mo- 
siac of light sources is inevitably rather 
coarse and the picture only looks reason- 
able when viewed from a long distance, 
e.g. across a football pitch, concert sta- 
dium or sports arena. 


Video Wall 


The latest approach is the so-called 
Video Wall. This is a vertical wall panel 
built from many small TV screens. Elec- 
tronically, this is a very flexible approach. 
The full TV image can be spread over the 
entire wall area, with each individual 
screen showing its own section of the 
picture, or groups of screens can show 


separate images, to create a mosaic effect 
or inset images within the main overall 
picture. 

But once again there is a problem. It is 
physically impossible to put two TV 
screens so closely together that their 
adjacent images merge seamlessly. 
There is always a black line between adja- 
cent screens, so the Video Wall ends up 
looking like a draught board. Recently | 
saw some interesting modifications of 
the wall system. 


Back Projection 

The JVR Projection Video Wall (from 
Dutch company Jongenelen Video Roo- 
sendaal) is a vertical matrix of 64 back 
projection TV sets, arranged in eight rows 
of eight. Each screen is a sheet of trans- 
lucent material with red, green and blue 
projection tubes behind it. The projectors 
are fed video signals sourced from a bank 
of video disc and professional tape 
players, with the picture signals switched 
in varying patterns under computer con- 
trol. 

The individual screens are pushed flush 
one against the other in a very tight mo- 
siac. There is still a draught board matrix 
of black dividing lines, but they are very 
thin and not noticeable, especially when 
the screen is being used for special split 
image effects. 

The penalty is price. A full size screen 
with computer-controlled video sources 
costs almost £1 million. 

Another approach comes from Italy. 
The country is now trying to make its 
name as a manufacturer of high tech- 
nology electronics. The government has 
taken a 49 per cent stake in Seleco, a new 
company which is producing 0.4 million 
TV receivers a year and making com- 
puters for IBM, Olivetti and AT and T, 
Zanussi, Electrolux and Indesit own the 
remaining 51 per cent. 

In an effort to boost the high tech 
image, Seleco is also making two flagship 
products, a giant electrostatic graphics 
display which can be run from a personal 
computer and a wall of TV sets which 
uses optical fibre technology to blend up 
to 100 part pictures into a single giant 
whole. 

The graphics display, called Winex, can 
be six metres wide and is connected to 
the printer output of any MS DOS PC. It is 
built up from a matrix of dots, each 1cm 
square, and each switchable between two 
colour states. 

The dot is formed from two plastic 
strips, one red and one yellow. A small 
piece of flimsy aluminium foil is trapped 
in the nip between the strips. 

The data signal from the PC is con- 
verted into an electrostatic charge pat- 


tern. When a yellow strip is charged it 
attracts the foil, so the yellow strip is 
covered and the adjacent red strip is ex- 
posed. The foil also reflects the red light 
to double the effective area of the red dot. 
When a red strip is charged the dot 
changes colour to yellow. The graphics 
pattern for the PC is thus displayed on the 
panel. 

The Winex panel can be waterproofed 
for outside use. Seleco is soon to install 
two Winex screens at Italian railway sta- 
tions, to display train times. Cost is 
£20,000 per square metre, but Seleco be- 
lieves this can be halved if more orders 
rollin. 


Light Pipe Screen 

Whereas Winex can display only two 
colour digital graphics, Seleco’s Kreon 
screen displays full colour TV pictures as 
big as a house. Up to 100 separate TV 
sets are arranged in a video wall, to 
create a total picture area around 4x3 
metres in size. 

As with all tube walls, there is always a 
gap of at least 50mm between each 
screen. Seleco overcomes the problem 
by putting a modified Fresnel lens over 
each TV screen. The lens looks like a dart 
board, with four rings of optical diffrac- 
tors around a central bull's eye. 

Behind each lens there are 15,000 light 
fibres moulded from hard plastics. These 
diverge slightly and act as light pipes. 
They pick up light from the TV picture 
tube and channel it to the lens, expanding 
the picture slightly in all directions. This 
has the optical effect of closing the 50mm 
gap, between separate screens to around 
Imm. 

So instead of seeing a fragmented mo- 
siac of widely spaced screens, the 
viewers see a single flat screen with only 
narrow cracks between lenses. From a 
distance, the cracks disappear or become 
unobtrusive. 

Because the light emitted by the lenses 
comes from a bank of conventional TV 
picture tubes, the full screen can produce 
an image which is bright enough to cut 
through daylight or artificial lighting. The 
Seleco light pipe screen can also be 
watched from a very wide angle, almost 
180 degrees, whereas projected pictures 
must be viewed head on. 

The system is expensive because the 
lenses and light pipes must be moulded 
from optically pure plastics. A 5x5 matrix 
of 25 TV screens and lenses costs around 
£100,000. They will be hired out to pop 
concerts, political conventions, video 
conferences and advertising displays. 

Reluctantly Seleco admits that both the 
displays are made under licence from 
American inventors. 
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a. background to modern 
electronics including test gear projects. This 104 
page, A4 size book forms a complete course in basic 
electronics; designed for the complete newcomer it will 
however also be of value to those with some previous 
experience of electronics. Wherever possible the course is 
related to ‘‘real life’’ working circuits and each part 
includes a set of detailed practical assignments. 
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To complement the course computer programs have been produced 
for the BBC Micro and Spectrum or Spectrum Plus. The software is 


£1.95 


Tel: 0202 881749. 


designed to reinforce and consolidate important concepts and principles 
introduced in the course, it also allows readers to monitor their progress 
by means of a series of multi-choice tests. 

The book includes details of eight items of related test gear giving full 
constructional information and diagrams for each one. The items of test 
gear described are: Safe Power Supply; Universal LCR Bridge; 
Diode/Transistor Tester; Audio Signal Tracer; Audio Signal Generator; 
RF Signal Generator; FET Voltmeter; Pulse Generator. 

This book is an excellent companion for anyone interested in 
electronics and will be invaluable for those taking G.C.S.E. 
electronics courses. 

Send a cheque, PO or bank draft for £1.95 (overseas readers 
please add £1 postage. Payment in £ sterling only) to Wimborne 
Publishing Ltd., 6 Church Street, Wimborne, Dorset BH21 1JH. 
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ODERN methods of electronic con- 

struction have to a large extent 
done away with traditional wiring 
methods. Most commercial equipment 
seems to have everything “on-board”, 
and this trend has been spreading to 
designs for the home constructor. 

Despite this, there are few projects that 
are truly” wireless’, with printed circuit 
tracks carrying every connection from its 
beginning to its end. Some projects still 
require quite large amounts of hard-wir- 
ing, point-to-point wiring, ‘spaghetti’ or 
whatever térm you prefer 

Learning to successfully put together 
a well built circuit board is an important 
first step in the art of electronic project 
construction, but competence at wiring 
finished boards to potentiometers, 
switches, and other off-board compo- 
‘nents is equally important. A large per- 
centage of current projects seem to be 
based on custom printed circuit boards, 
and they offer a fair chance of success 
even to complete beginners. 

However, it is all too easy to fall into 
the trap of painstakingly building a circuit 
board, only to then make a mess of things 
when wiring to the controls, sockets, etc. 
When building circuit boards the main 
problem to avoid is accidental short circ- 
uits, but with the hard wiring there are 
a number of possible and common pit- 
falls. 


MISSING LINK 

Before considering the topic of off- 
board wiring, it would perhaps be as well 
to take a quick look at on-board wiring. 
The complexity of many modern projects 
means that the use of link-wires is very 
common, and the nature of stripboard 
is such that few circuits can be built on 
it without resorting to a sprinkling of link- 
wires. 

Most link wires are quite short, and 
pieces of wire trimmed from resistors and 
capacitors are ideal for making these. 
Sometimes longer links are called for, 
and 22 s.w.g. tinned copper wire is suit- 
able for these. It is a good idea to have 
a small reel of this wire as part of the 
standard workshop equipment. 

The quick way of adding link-wires is 
to cut a piece of wire that is about 10 
to 20 millimetres over-length, solder one 
end in place, thread the other end of the 
wire through the second hole, pull it tight 
with the aid of pliers, trim the lead to 
length, and then make the second con- 
nection. | must admit to having used this 
method a great deal, but | have also 
experienced a lot of problems with link- 
wires breaking. 

The problem is that in pulling the wire 
tight it is taken close to breaking point. 
It will not often actually break, but it may 
be seriously weakened and can then eas- 
ily fail at some later time. 

The slower but much more reliable 
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method is to carefully form each link-wire 
to the right shape, fit it in place, trim off 
the excess wire, and then solder both 
ends in place. With short links there is 
not normally any risk of accidental short 
circuits, provided the wires run reason- 
ably straight from one hole to the other 
(which they always should). 

With link-wires of more than 20 milli- 
metres in length there is a much greater 
risk that at some stage the wire will be 
knocked slightly out of place, and that 
it will then come into contact with 
another link-wire, pins of an integrated 
circuit, or whatever. Unless they are well 
separated from other wires and compo- 
nents, it is a good idea to insulate any 
long links with p.v.c. sleeving. 

With custom printed circuit boards it 
is unlikely that a link wire would be acci- 
dentally omitted, as there would be two 
unoccupied holes left in the board. It is 
all too easily done when using stripboard 
though, and looking to ensure that all 
links are present and correct should be 
a standard check on completed strip- 
boards. 


GENERAL WIRING 

The normal kind of wire to use for 
point-to-point style wiring is a p.v.c. insu- 
lated multi-strand type. This type of cable 
will usually be described as 7/0.2 wire 
in catalogues, which simply means that 
there are seven cores of wire that are 
each 0.2 millimetres in diameter. 

You may also come across thinner 
types such as 7/0.1 cable, but these are 
a little on the light side for general project 
wiring. Most suppliers also sell single 
strand equipment wire (usually having 
a 0.6 millimetre core), and this has the 
advantage that it can be easily formed 
into any desired shaped and routed 
around a project. 

Although the single core type may 
seem to be a better choice it is little used 
in practice. It has a major disadvantage 
in that it tends to break much more easily 
than the multi-core variety, and often 
proves to be hopelessly unreliable. | 
would certainly not recommend the use 
of any form of single strand cable for 
wiring up projects. 

Most wiring does not consist of single 
wires, and in most cases there will be 
something like three wires running 
together from the circuit board to a 
potentiometer, or perhaps even a dozen 
or more leads running from the board 
to a switch.Traditionally this type of wir- 
ing is completed using single wires which 
are then tied together into a single cable. 

This tying together was originally done 
using thin cord, but making a neat job 
of this is at least as difficult as it looks. 
The more recent approach to the problem 
is to use the cable ties that are now read- 
ily available from a number of compo- 
nent retailers. These offer a_ skill-free 


solution as they are simply 
around the leads and pulled tight. 

My preferred method of tackling multi- 
way leads is to use pieces of ribbon cable. 
This cable consists of a number of multi- 
strand insulated leads bonded together 
side-by-side, giving it a flat ribbon-like 
appearance. 

A lot of the ribbon cable currently on 
sale is the light duty (7/0.127) type 
intended for use with i.d.c. connectors. 
This is usable in the present application 
except where high currents are involved, 
but it is not very easy to deal with. The 
heavier gauge (l4/0.13) is much better 
for general wiring purposes, and is much 
easier to use. 

Ribbon cable is available in a grey 
colour, or at a higher price the so-called 
“rainbow” type can be obtained. The lat- 
ter is very much better for project wiring 
as the leads are of different colours, and 
are easily identified. Using the single 
colour type is likely to be much slower 
as there will be difficulties in determining 
which lead is which, and the likelihood 
of errors being made is very much 
greater. 

Ribbon cable is generally only available 
in strips having ten or more leads, but 
there is no difficulty in peeling off a cable 
having the desired number of ways. In 
fact this cable has to be designed to ena- 
ble the individual leads to be easily sep- 
arated, since the leads have to be 
separated at the end of the cable so that 
they can individually have a small piece 
of insulation stripped off. 


looped 


STRIPPING AND TINNING 

Removing a short length of insulation 
from the end of a cable is a job that 
should be undertaken using proper wire 
strippers, not a pair of scissors or a pen- 
knife. A pair of combination wire strip- 
pers and cutters can be obtained quite 
cheaply, and will do a far better job than 
improvised cutting and stripping tools. 

Proper wire strippers have circular 
blades that cut through the insulation 
right around the cable, and they also have 
some form of limiting mechanism that 
prevents the blades from closing down 
beyond a certain diameter. The idea is 
to have the minimum aperture of the cut- 
ters set just fractionally larger than the. 
core diameter of the cable. 

The strippers will obviously not cut 
right through the insulation, but as the 
lead is pulled away from the strippers 
the uncut part of the insulation will sim- 
ply snap and the piece of insulation will 
be removed without difficulty. This 
ensures that the core of the lead is left 
undamaged. Although a minor nick into 
the core may not seem to be of tremen- 
dous significance, it would in fact greatly 
weaken the wire, almost certainly causing 
it to break before too long. 

The bare ends of leads should be ge- 
nerouly tinned withsolder. The insulation 
invariably protects the wire against dirt 
and corrosion, so that there should be 
little difficulty in tinning leads. 

To tin a lead simply apply the iron to 
the bare end and feed in a small amount 
of solder. If the solder does not flow right 
around the wire, repeat the process but 
apply the solder to the opposite side of 
the wire. If there is still difficulty in getting 
the solder to flow properly, gently scrape 
the wire clean with a knife blade and then 
try again. 

It is also essential to tin each tag or 
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pin before a lead is connected to it. Again, 
in most cases the solder will flow with 
no difficulty, but sometimes it will 
accumulate on the bit of the iron and 
refuse to go where you want it. 

Some careful scraping with a blade to 
produce a clean and shiny surface on the 
tag should banish the problem. With the 
lead and tag both well tinned with solder, 
placing the two together and _ briefly 
applying the bit of the iron (which should 
be loaded with a smal// amount of solder) 
should produce a strong soldered joint. 

Try to keep the wiring neat and tidy, 
and do not use leads that are barely long 
enough. Project layouts are generally 
designed so that long wires trailing all 
over the place are avoided, but where 
necessary route cables around or under 
circuit boards rather than over them. 

This is not just a matter of making the 
finished assembly look good. If at some 
later date a project should require servic- 
ing, it will be very much easier to repair 
it if the wiring has been done neatly and 
carefully. Otherwise it might be like 
mending a roof—as you mend one thing 
you break something else. 


MAINS LEADS 

Presumably all readers of Everyday 
Electronics know the colour coding for 
mains leads, and will have no difficulty 
in getting the connections right. | wonder 
how many readers fit the mains plugs 
of their projects with a fuse of suitable 
rating? Most projects draw only a few 
watts of power, and a 2A or 3A fuse is 
much more suitable than the 13A variety. 

The point where the mains cable enters 
the case is a potential source of disaster. 
The entrance hole should be fitted with 
a rubber grommet having an inside dia- 
meter which matches the diameter of the 
cable. This is especially important with 
metal cases where there is otherwise a 
very real risk that before too long the 
case would cut into the cable and come 
into contact with a bare wire. 

Some form of strain relief for the cable 
is needed, and a knot in the cable on 
the inside of the case is definitly not a 
good way of providing it and must be 
avoided at all cost. The type of cable grip 
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Fig.1. A standard cable grip (a) is 
usable in project applications, but 
a “P” clip (b) seems to provide a 
more secure result. 

Fig. 2 (right). The basic make-up of a 
screened cable. This type of cable is 
also referred to as a co-axial cable 
(““Co-ax”’). 


shown in Fig. 1(a) is really intended for 
use when undertaking house wiring, and 
they are usually supplied complete with 
masonry nails to fix them in place. These 
are not exactly ideal for project use. 

The “P” style clips (Fig.1(b)) on the 
other hand, are well suited to fixing 
mains cables in projects. Note though, 
that you must select a clip to suit the 
diameter of the mains cable you are 
using. If the clip is slightly too large it 
will not retain the cable properly, and 
if it is too small it will probably break 
when the fixing nut is tightened Do 
not make the mistake that | once made, 
of carefully fixing a mains cable in such 
a position that when the lid of the case 
was fitted one of its fixing screws went 
straight into the lead! Some cases have 
fixing screws that protrude well into the 
case. 

Combined grommets and cable grips 
can be obtained. | have used these suc- 
cessfully, but the panel cutout must be 
very accurately made or they can tend 
to jump out of place. 


CHASSIS 


SCREENED LEADS 

Screened cable is mainly used in sensi- 
tive audio circuits. A single screened 
cable has the general make-up shown 
in Fig.2. The outer braiding normally con- 
nects to earth, and screens the inner con- 
ductor against stray pick up of mains 
“hum” and other electrical noise. 
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INSULATION 


Some twin screened leads are effecti- 

vely just two single types joined side- 
by-side, but there is also a type which 
has a single outer braiding for both inner 
conductors. This second type is unsuit- 
able for many purposes as it tends to 
give strong cross coupling of the signals 
in the two cables. 
_ To prepare a screened lead for connec- 
tion it is a matter of first stripping off 
about 20 millimetres or so of the outer 
cladding. With the thinner types this can 
be accomplished using ordinary wire 
strippers, but few strippers can accom- 
modate the thicker screened cables. With 
these there may be no alternative to 
using a sharp knife to cut away the clad- 
ding, trying not to damage the outer 
braiding. 

The braiding is then combed out with 
the aid of your thumbnail or a small 
screwdriver, and then twisted together 
to form a lead. This is then heavily tinned 
with solder to stop it from unravelling. 
Finally, a small piece of insulation is 
stripped from the inner conductor and 
it too is tinned with solder. Make sure 
that there are no odd bits of wire sticking 
out of the outer braiding that could short 
circuit to the inner conductor. 
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ONNECTING a test meter to a circuit 

can upset the circuit. Textbooks will 
tell you all about the measurement errors 
which can be caused by the meter load- 
ing the circuit. What they don’t tell you 
about is other forms of trouble, some 
puzzling, some disastrous which arise 
from a simple attempt to make a 
measurement. 

Way back in the days when | was green 
and growing | was foolish enough to lend 
my multi-meter to an engineer, ‘‘to test 
the mains’. This man, who should have 
known better, set the meter to its highest 
current range and connected it across line 
and neutral. There was a blue flash and 
the lights went out. He explained that 
all he’d wanted to do was measure how 
much current the mains could deliver, 
from a particular socket. Indeed, he was 
successful, up to a point. The answer 
was, Clearly, ‘More than enough to blow 
the fuse”. 

Fortunately, neither the man nor my 
meter was damaged. (That meter had a 
good magnetic cut-out, unlike many of 
today’s cheap jobs.) It taught me to be 
chary about lending instruments, even 
to people who should know how to use 
them. It does teach another lesson: that 
it's very easy, by loose thinking or care- 
lessness, to ask a test meter to do a job 
which is damaging to itself. A common 
mistake is to try to make an ohms 
measurement on a live circuit. The rush 
of current which may result can wreck the 
meter. Even if it doesn’t the reading is 
most likely to be misleading. 


LEAKY JUNCTIONS 


My second story is about a much more 
subtle effect. | supplied a friend at work 
with some silicon power transistors. 
Being a careful chap, he made some 
quick ohmmeter tests on them before 
use. He applied the test leads to each 
junction (base-emitter and _ base- 
collector). In the “forward” direction the 
junctions all registered a lowish_ re- 
sistance, as they should. But in the re- 
verse direction, where they should have 
registered an infinite resistance, or at 
most a very high one, in fact they all 
showed a few thousand ohms. Clearly, 
the transistors were “‘leaky’”’. 

| swapped them for new ones, which 
| first tested in the same way and found 
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good. To my surprise he brought them 
back, complaining of the same fault. | 
took them home and re-tested them. No 
problem. 


HIDDEN VOLTAGE 

Whatever was going wrong? My friend 
is no fool. | knew he’d have made the 
test correctly. But so did |. So why the 
discrepancy? It must be the result of 
some difference in the particular circums- 
tances in which the tests were performed. 
But what? 

Was there something wrong with his 
multimeter? Breaking my rule, | lent him 
my own. He took it home and retested 
the leaky junctions. They were still leaky. 
Yet, on my bench, the same meter, 
applied to the same transistors, had 
shown no leakage. 

This farce might have gone on for ever, 
if my friend hadn’t mentioned that the 
leakage readings he was getting weren't 
constant. The meter pointer wandered 
about a bit. That wouldn't be very sur- 
prising if the transistors were really on 
the blink with junctions in the process 
of breaking down because of some 
internal fault. But | was sure they were 
OK. Something was getting to them, in 
my friend’s home, which was absent in 
mine. This reflection eventually caused 
light to dawn. | remembered where he 
lived, rang him up, and said: ‘Look out 
of your window. What landmark do you 
see?”’. 

Answer: “The Crystal Palace TV mast, 
of course’. And that was it. The trans- 
mitter was less than a mile away. The 
ohmmeter leads were acting as an aerial 
and picking up enough signal voltage to 
be rectified by D1 (Fig.1). This internal 
diode is present for making a.c. measure- 
ments and is normally inoperative (but 
still connected) during resistance 
measurements. In circuit terms, at my 
friend’s home the meter circuit (Fig.1) 
was not the normal one (a), but had a.c. 
voltage sources in it (b), representing the 
aerial effect (V1, V2). 

The spurious leakage reading varied 
because the aerial pickup changed as 
vehicles went by or my friend moved 
himself or the meter leads. 


INSTABILITY 


Such a bizarre example of misleading 





discrete-transistor if. 


Fig. 2 Typical 
amplifier section. Attaching meter leads 
to points A or C may cause instability. 


meter indications is unlikely to happen 
to you. But is does point to another effect 
which you may well come across. If 
meter leads can act as a receiving aerial 
then they can also act as a transmitting 
aerial. 

If you connect a meter to a point in 
a circuit where there is a high-frequency 
signal then the lead may radiate that sig- 
nal to another part of the circuit where 
it can cause trouble. Fig. 2 shows the 
coupling between stages of a tuned 
amplifier such as the i.f. amplifier of a 
receiver. In fault tracing you may want 
to make sure that points A and C are 
at the correct d.c. voltages. Both these 
points are “‘live’’; i.e. h.f. signals may be 
present. Connecting the meter lead may 
transfer some signal back to an earlier 
stage. This is feedback. If positive it may 
provoke oscillation (instability). This, is 
likely to upset the circuit. 

Measuring at points B and D should 
yield the correct voltages, since these 
points are decoupled to earth and not 
live. The d.c. resistance of the windings, 
being low, will not affect the voltage. 
However, there is the possibility that the 
fault you are seeking might be a break 
in a winding, and testing at the decoupled 
points will not find this. You can safely 
make tests at A and C if you shunt these 


Fig. 1(a). Normal ohmmeter circuit as used in multimeters. (b). Effective circuit when the 
meter leads pick up radio frequency signals (V1, V2). The internal diode D1, used on a.c. 
ranges but still present, rectified the signals and produces a meter reading. 
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points to earth via a capacitor (say 100n) 
to short out any h.f. signals. 

A 100n capacitor of generous voltage 
rating, provided with croc-clip leads, is 
a useful adjunct to any test bench. If your 
meter has a very high resistance (e.g. 
if it's an electronic meter) you may get 
away with just using a_ shortlead 
resistance (say 100k) as a temporay test 
probe. This may block the passage of h.f. 
signals to the meter lead well enough 
to avoid trouble. It does reduce the d.c. 
voltage being measured but this may be 
acceptable. If for instance you are using 
a digital voltmeter whose resistance is 
1M then the 100k probe will reduce the 
readings by about nine per cent. 


CURRENT 
MEASUREMENTS 


Service engineers usually try to avoid 
current measurements. To make one re- 


EQUIPMENT 





Fig. 3 Current may be measured by break- 
ing the supply lead at A or B to insert 
a meter. But using point B can be danger- 


‘ous to some kinds of equipment. 


quires breaking the circuit. This is often 
difficult, physically (it may call for break- 
ing the foil on a printed circuit) and is 
also apt to be time-consuming. 


However, there are circumstances in 
which current can easily be measured. 
A common case is when equipment has 
a separate d.c. power supply (Fig.3). The 
current meter can then be inserted into 
one of the supply leads. At first sight, 
it doesn’t seem to matter which, since 
the current is the same at points A and 
B. In some cases, however, inserting the 
meter at B can wreck the equipment. 
Audio power amplifiers may be vulner- 
able in this way. 

The explanation is that the impedance 
of the meter, though low on a current 
range, may be sufficient to develop a.c. 
signals and these are fed into the equip- 
ment, getting into low-level stages as 
positive feedback. The resulting instabil- 
ity causes oscillating currents of damag- 
ing amplitude. It is not necessary for any 
genuine signals to be present to set this 
process going. The inevitable noise in 
a circuit is enough. 





MARKET PLAGE 


WANTED: Yaesu FRV7700A v.h.f. converter 
and memory unit for FRG7700 receiver. Tel: 
0305 820970 weekdays, 0272 325012 
weekends. 

CLEARING WORKSHOP. Resistors, 
capacitors, i.c.s, boards and other equipment. 
A real bargain at £35. Mr. D. Kingdon, 11 
Taylor Close, Burraton, Saltash, Cornwall PL12 
4LS. 

WANTED: service manual for Tektronix scope 
type 535 and L type PWG in unit. Mr. A.J. 
Panton. Tel: Kings Lynn (0553) 763824 after 6 


p.m. 

WANTED: CZ101 synthesiser or keyboard 
with midi. Cash or swap. Also ram electronic 
music for 48K Spectrum. Mr. J. Comiskey, 
33D Nth. Gt., Clarence St., Flats, Dublin 1, 
ireland. 

WANTED: Book by A.C.W. Saunders, ‘99 
Ways To Use Your Oscilloscope’. Mr. J.P. 
Vella, 136 Colebourne Rd., Kings Heath, 
Birmingham B13 OEX. 

| HAVE non-working E.M. Spectrum Speak 
Board. Require circuit diagram and Allophone 
entry details please. B. Molyneux, 4 Ingleholme 
Road, Aigburth, Liverpool L19 3PT. 
WANTED: S-100 64K memory board in 
working order or good 2K 16-pin chips 4716 or 
equivalent. J.F. Horton, 24 Derwent Road, 
Honley, Huddersfield HD7 2HS. 

WANTED: circuit diagram for YFE Digital 
Multimeter model no. YF.1020. Mr. J. Asciak, 
27 Rock Street, Gharb, Gozo, Malta. 
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EDDYSTONE: 770U u.h.f. receiver with 
speaker. Full coverage. 140 to SOOMHz. £65. K. 
Martin, 19 Brookmead, Meppershall, Beds. 
Tel: 0462 814827. 

5V-6A PSU £10? Shinwa CP-80 printer, Epson 
compatible. £100. Photo gear etc. W.H.Y. 
Swaps. All good stuff. Mr. Mel Saunders, 7 
Drumcliff Road, Thurnby Lodge, Leicester LES 
ALi. 

WANTED: Enterprise technical manual for 
Enterprise computer, or information on where 
obtainable. Tel: 0296 630149. 


EXCHANGE: Datsun estate car, year's MOT, 
tax, for BBC B+ issue 7 computer with disc 
drive. R. Emens, 4 Tanners Lane, Hathern, 
Loughborough, Leics. LE12 5JG. Tel: 0509 
843214 (evenings). 

WANTED: Betamax video head for Sanyo 
VTC5000. Cheap as possible. B. Cowton, 24 
Guisborough Street, Sunderland SR47SD. 
MINIATURE v.h.f. transmitters. Have ten of 
these. Range 300 metres 80MHz-110MHz. 
£6.90 each, post included. H.J. Walmsley, 208 
Whalley Road, Clitheroe, Lancs. BB7 1HT. 
SHARP 6F500 portable stereo dual cassette, 
high speed dub cue/review and APSS. V.G.C. 
£70 ono. Wayland Davies. Tel: Woking (04862) 
62795. 

WANTED: Nelson-Jones tuner MKII, 
working, non-working, parts, especially PCBs, 
tuner head. Pay or exchange capacitance 
meter. Tel: 0248 722697. 


BLOCK CAPITALS PLEASE 





Signature ................ 
COUPON VALID FOR POSTING BEFORE 4 MARCH ‘88 
(One month later for overseas readers.) 


SEND TO: EE MARKET PLACE, EVERYDAY ELECTRONICS, 6 
CHURCH STREET, WIMBORNE, DORSET BH21 1JH. 


FREE READERS ADS. 
RULES Maximum of 16 words plus ad- 
dress and/or phone no. Private advertisers 
only (trade or business ads. can be placed 
in our classified columns). Items related to 
electronics only. No computer software. 
EE cannot accept responsibility for the 


accuracy of ads. or for any transaction 
arising between readers as a result of a free 
ad. We reserve the right to refuse adver- 
tisements. Each ad. must be accompanied 
by a cut-out valid ‘‘date corner’. Ads. 
will not appear (or be returned) if these 
rules are broken. 





MODEMS, CPUs, monitors, RAMs, TTL, 
optos , UARTs, PSUs, transistors, rectifiers. 
You name it. Tel: 01-587 7646. Evenings 01-508 
5159. 

TWIN BSR turntables. Ceramic cartridges and 
new styli. Only £15. Tel: Retford (0777) 701040 
(evenings). 

WANTED: Dragon EPROM programmer 
circuit diagrams. Also software using basic. 
F.M. Icke, 129 Bar Lane, Basford, Nottingham 
NG6 OHT. 

COMPONENTS, resistors, semiconductors, 
switches, cable, capacitors, pots. £10. D. 
Fowler, 26 Olton Road, Mickleover, Derby DE3 
SFL. 

U.H.F. tuner kit type U.T.K. 48. £10 ono. 
Buyer collects. Brand new with instructions 
and fittings. Matthew Taylor, 52 Rushdene 
Road, Brentwood, Essex CM15 9ET. 
WANTED: Digital multimeter. Any make, in 
good working order with test leads etc. Must 
be cheap! Paul Brown, 48 Lanndale Lawns, 
Tallaght, Dublin, Eire. Tel: Dublin 512699. 
PCBs filled with 40, 2716 ICs and other useful 
ICs for sale. R.A. Raza, PO Box 17930, Jeddah 
21494, Saudi Arabia. 


Please read the RULES then write your advertisement here— 
one word to each box. Add your name, address and/or phone no. 
Please publish the following small ad. FREE in the next available 
issue. | am not a dealer in electronics or associated equipment. | 
have read the rules. | enclose a cut-out valid date corner. 





PCB SERVICE 


Printed circuit boards for certain constructional projects (up to two years old) 
are available from the PCB Service, see list. These are fabricated in glass- 
fibre, and are fully drilled and roller tinned. All prices include VAT and 
postage and packing. Add £1 per board for overseas airmail. Remittances 
should be sent to: The PCB Service, Everyday Electronics Editorial Offices, 
6 Church Street, Wimborne, Dorset BH21 1JH. Cheques should be crossed 
and made payable to Everyday Electronics. (Payment in £ sterling only.) 


Readers are advised to check with prices appearing in the current 
| issue before ordering. 


NOTE: Boards for older projects — not listed here — can often be obtained 
from Magenta Electronics, 135 Hunter St., Burton-on-Trent, Staffs DE14 
2ST. Tel: 0283 65435 or Lake Electronics, 7 Middleton Close, Nuthall, 
Nottingham NG16 1BX. Tel: 0602 382509. 








NOTE: Please allow 28 days for delivery. We can only supply boards 
listed in the latest issue. Boards can only be supplied by mail order 
and on a payment with order basis. 
















PROJECT TITLE Order Code | Cost 
— DEC ‘85 — 
Digital Capacitance Meter 





— JAN ’86 — 
Mains Delay 503 
Musical Doorbell 


Tachometer — Transducers Series 


— FEB ‘86 — 
Touch Controller 

Function Generator 

Function Generator PSU Board 

pH Transducer — Transducers Series 


— MAR ‘86 — 
Mains Tester & Fuse Finder 
BBC Midi Interface 

Stereo Hi Fi Preamp 

Interval Timer 


— APRIL ‘86 — 
Stereo Reverb 



























— MAY ‘86 — 
PA Amplifier 
Mini Strobe 
Auto Firing Joystick Adaptor 







— JUNE ’86 — 
Watchdog 

Percussion Synthesiser 
Personal Radio 













— JULY ‘86 — 
Tilt Alarm 

Electronic Scarecrow 

VOX Box Amplifier 
Headphone Mixer 


— AUG ‘86 - 
Solar Heating Controller 


— SEPT ‘86 — 
























Car Timer 

Freezer Failure Alarm 

Infra Red Beam Alarm (Trans) 
Infra Red Beam Alarm (Rec) 
Scratch Blanker 













— OCT ‘86 —- 
10W Audio Amp (Power Amp) 
(Pre-Amp) 
Light Rider — Lapel Badge 
— Disco Lights 
— Chaser Light 


— NOV ’86 — 
Modem Tone Decoder 
200MHz Digital Frequency Meter 


— DEC ‘86 — 
Dual Reading Thermometer 
Automatic Car Alarm 
BBC 16K Sideways RAM 
(Software Cassette) 





£4.78 Pair 
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Random Light Unit — JAN ‘87 — 


Car Voltage Monitor — FEB ’87 —- 
Mini Amp. 

Video Guard 

Spectrum |/O 

Spectrum Speech Synthesiser 


— MAR ‘87 — 
Computer Buffer/Interface 
Infra Red Alarm: Sensor head 
PSU/Relay Driver 


— APRIL ’87 — 
Alarm Thermometer 

Experimental Speech Recognition 
Bulb Life Extender 


Fridge Alarm 
EE Equaliser — loniser 


— JUNE ‘87 — 
Mini Disco Light 
Visual Guitar/Instrument Tuner 

































~ MAY ‘87 — 



















— JULY ‘87 — 
Fermostat 
EE Buccaneer Metal Detector 
Monomix 









— AUG '87 — 
Super Sound Adaptor, Main Board 
PSU Board 
Simple Shortwave Radio, Tuner 
Amplifier 


Noise Gate — SEPT ‘87 — 
Burst Fire Mains Controller 
Electronic Analogue/ Digital Multimeter 


— OCT '87 - 



















Transtest 
Video Controller 










Accented Metronome — NOV ‘87 — 
Acoustic Probe 


BBC Sideways RAM/ROM 
— DEC ‘87 - 











Pseudo Echo Unit 
Dual Mains Light Flasher 
Twinkling Star 

Audio Sine Wave Generator 


— JAN '88 — 


















Capacitance Meter 
Bench Amplifier 
Transistor Curve Tracer 













Bench Power Supply Unit — FEB ‘88— 


Game Timer 





Semiconductor Tester —Mar ’88— 
| SOS Alert 
Guitar/Keyboard Envelope Shaper 






Please note that when ordering it is important to give project title as well 
as order code. Please print name and address in Block Caps. Do not send 
any other correspondence with your order. 


EE PRINTED CIRCUIT BOARD SERVICE 
Please send me the following p.c.b.s. 
Make cheques/PO payable to: Everyday Electronics 
(Payment in £ sterling only) 


Order Code Project Quantity Price 
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EVERYDAY 


ELECTRONICS 


Reach effectively and economically today’s enthusiasts anxious to know of your. 
products and services through our semi-display and classified pages. The prepaid rate 
for semi-display spaces is £8-00 per single column centimetre (minimum 2-5cm). The prepaid 
rate for classified advertisements is 30 pence per word (minimum 12 words), box number 
60p extra. All cheques, postal orders, etc., to be made payable to Everyday Electronics VAT 
must be added. Treasury notes should always be sent registered post. Advertisements, to- 
gether with remittance, should be sent to the Classified Advertisement Dept., Everyday Elec- 
tronics, 6 Church Street, Wimborne, Dorset BH21 1JH. Tel: 0202 881749. 















Electronic Components Service Manuals xBAKER* [7 aeamiedes £ 
AMPLIFIERS post £4 (sO Meade 


















150 watt Output, 4 Input Mixer pre-amp, Illustrated .................- £99 
2 “ ihre ty oe inert — es a ae a 
+ watts otereo, wa ono ve (| GR Sa Roe ara 
= sd ELECTRONIC CIRCUIT DIAGRAM MANUALS 150 watt P-A, Vocal, B inputs, High/Low Mixer Echo Socket... e179 
—— Ps watt Mobile an . 4-5- onm + MIG: ci sted’ 
‘ Cc tP.A. 20 +20 St 40 watts Mono...............-. £65 
Sas < components Ary Mate/Mode/Typeofequoment, | |r re” 
; P ; watt ; aker, BONE Wi vs osceieaccaseenes 
* Vinta e. etc : 500 watt Heavy Arsh Me sive pense fed cooled ease seine Paeatene £275 
@ Velleman Electronic Kits ge, : - FAMOUS LOUDSPEAKERS _ FULLY GUARANTEED — 
@ Test Equipment & Tools @ Instrument Cases Thousands stocked, LSAE enquiries; aaa me wench a oo — tg P = 
New 1988 Catalogue now available £1.85 incl. P&P MAURITON (EE), ro Coee Le ie a 5 
A iD- 10in. 
pea eae ar Si 8 CHERRY TREE ROAD, BAKER BIScO/ GROUP in i a Es 2 
Tyne f Wear NE30 4PG, Tel: 091-251 4363, CHINNOR, OXON OX94Q0Y Gooowans  BRcoonoue ae i : 
: - in. 
yne ear - Ter. H+H DISCO/GROUP = 15in. 100 4/8/16 £4 
— ei OC 
‘ COMPACT FULL RANGE SPEAKER SYSTEMS size 24 x 17 x 12in. 
S - | O f f Transmitters 120 watts £100, 200 watts £130, 400 watts £180 each. Carr. £10. 
pecia ers NEW & NEW x NEW & NEW & NEW & NEW & NEW & NEW & NEW & NEW & NEW & 


R.C.S. VARIABLE VOLTAGE D.C. BENCH POWER SUPPLY 
0 to 20 volts, up to 1.5 amps d.c. fully stabilised. Compact unit size 9 x 5% x 3ins. Twin 

















MICRO TRANSMITTER KIT, 500m range, tunable panel meters for instant voltage and current readings. Overload protection. Fully 

88-115MHz, sensitive microphone, £3.95. wariatje operates from ANN. ¢. EAR PST 22. 
MULTICORE SOLDER. Two metre spools 20, 22, Cheques/PO to: Quantek Electronics (EE), 267 MAINS TRANGFORSERS VALVE TYPE SOV EREMARY price Post 
or 24 SWG. 60p per spool plus 45p P&P. Ron Rednal Road, Kings Norton, Birmingham B38 8EB. 350-0-350V 250mA. 6.3V 6A CT 6 = 2 
Sharp, 1 Hermitage Place, Edinburgh EH6 8AF. BON eNO Ae ay IEW ES ZW En, SOW , 

LOW VOLTAGE MAINS TRANSFORMERS £5.50 each post paid 
‘ QV, 3A; 12V, 2A; 16V, 2A; 20V, 1A; 30V, 1%A; 35V, 2A; 20-40-60V, 1A; 12-0-12V, 2A; 

PRINTED CIRCUIT BOARDS produced to own Miscellaneous 20-0-20V, 1A; 0-12-27V, 2A; 10-0-10V, 2A; 15-0-15V, 2A. 
requirements. Please send s.a.e. Mr. B. M. Ans- RECORD DECKS. P&P £2. Many others in stock. Phone for details. 
bro, 38 Poynings Drive, Hove, Sussex BN3 8GR. WAP Single Belt” IND capone 0" 






BSR Single Rim 240V Magnetic ef 


R Auto Rim 240V Ceramic £18 
rardAuto = Rim 240V Ceramic £24 













TURN YOUR SURPLUS 


ICS transistors etc., into cash, immediate 
settlement. We also welcome the 
opportunity to quote for complete factory 
clearance. 


Contact COLES-HARDING & CO, 103 
South Brink, Wisbech, Cambs. 
*ESTABLISHED OVER 10 YEARS* 


50 MIXED COMPONENTS. Includes resistors, 
capacitors, diodes, transistors, etc., £3.50. J. N. 
Karajos, 42 Priory Road, Peterborough PE3 6ED. 





PROJECT CASES. Black Vinyl Covered Steel Top. All Base 

4x 2% x 2%in. £3.00; 6x 4x 1 in. £4.00; 8 x 5 x 2in. £4.50 p.&p. £1; 11 x 6 x 3in. £6.00; 
11% x6 x 5in. £10.00; 15 x 8 x 4in. £13.50 p.&p. £2. 

ALUMINIUM PANELS 18 s.w.g. 12x 12in. £2.50; 14 x Sin. £2.40; 6 x 4in. 65p; 12 x 8in. 
£1.80: 10x 7in. £1.50; 8x 6in. £7.00; 14 x 3in. £1.00; 12x 5in. £1.15; 16 x 10in. £2.70; 
16 x 6in. £1.80 Ae 65p each. 

ALUMINIUM BOXES. MANY OTHERS IN STOCK P&P 75p 

4x 2% x 2in. £1.35; 3 x 2 Tin. £1.15; 6 x 4 x 2in. £2.00; 

8x 6 x 3in. £3.40; 12 x 5 x 3in, £4.00; 6 x 4 x 3in. £2.50; 10 x 7 x 3in. £4.00 p.&p. £1. 
19in rack mounting equipment case 16 x 10 x Sin £20, p&p £2. 
















GTi CAR COMPUTER 


gives inst. and Av. MPG, Inst. and 





: . . HIGH VOLTAGE ELECTROLYTICS Many others in stock 
Av. SPEED, Trip dist. and trip fuel Tel: 0945 584188 Fax: 0945 588844 ZO/SOV EV Z20/4ODV + BISOOV.eoeeee ax 
used. Plans in Everyday Electronics 47/350V 1 20+20/350V |.....75p — 80+40+20/360V - 22... $5 p 





Jan. 88 
AIR SPACED TWIN GANGS 365 + 365 + 25 + 25pf £2.35 










eo pare Bite ene QUALITY HAND TOOLS. Genuine Micro-Shear _| VERNIERDIALS. (10,3, £2.00, Sm S80. 
MARK SPACE ENTERPRISES Side: cutters,, Pliers, Screwouvers at: Competilive RADIO COMPONENT SPECIALISTS 
11 Church Green Road, Bletchley, | tt Park Road Birmingham s7 WHITEHORSE ROAD, CROYDON 
sillhicalllans Mes W. Midlands B32 1HE. oo Pe Ba siininuim, Celine Watoorne 


or telephone 0908 641548 


List Large S.A.E. 


crcl ered eel el ee eee | 
g ORDER FORM PLEASE WRITE IN BLOCK CAPITALS 5 


Please insert the advertisement below in the next available issue of Everyday Electronics for ............ Insertions. | enclose Cheque/P.0. for i 
© peccscstoheecuboweveden tual Revie nesduanaend led bactonesanstceieantasnovedeeaesetaveiiecetedencais tore yess (Cheques and Postal Orders should be made payable to Everyday Electronics) = 


Delivery 7 days Closed Wednesday 

















HEADING REQUIRED: EVERYDAY ELECTRONICS 
and ELECTRONICS MONTHLY 
INE a ocescesgiceea sks ore stde eeenin Classified Advertisement Dept., 
6 Church Street, 
TS coe rcecetenn oust ssinedsanne ess es onicon ian Set peuseesia denned rete Wimborne, 
Dorset BH21 1JH. 


ib asAvowasdwbiaseed Cestsnseaedeweue bs arebve.sieis Gio:w baie Sis GN we eo.Gh ree waioinie.ctelsie@ieea Oiwiand ea ews nresmeisetsiele eGisie Telephone 0202 881749 


RATE: 30p per word, minimum 12 words. Box No. 60p extra. VAT must be added. 2/88 
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ELECTRONICS TECHNICIAN 
FULL-TIME TRAINING 


(FULL TIME COURSES APPROVED BY THE BUSINESS & TECHNICIAN 
EDUCATION COUNCIL) 


| 2 YEAR 
BTEC National Diploma (OND) 
ELECTRONIC & 
COMMUNICATIONS ENGINEERING 


(Electronics, Computing, Television, Video, Testing & Fault Diagnosis) 


1YEAR 
BTEC National Certificate (ONC) 
ELECTRONIC ENGINEERING 
1- INFORMATION TECHNOLOGY 


(Electronics, Satellite TV, CD, Networks, Telecomms) 


2- ELECTRONIC EQUIPMENT SERVICING 


(Electronics, Television, Video Cassette Recorders, CCTV, Testing & Fault Diagnosis) 


3- SOFTWARE ENGINEERING 


(Electronics, Assembler, BASIC, PASCAL, CADCAM) 


4— COMPUTING TECHNOLOGY 


(Electronics, Computing Software/Hardware, Microelectronic Testing Methods) 


10 MONTHS 
BTEC Higher National Certificate (HNC) 


COMPUTING TECHNOLOGY & ROBOTICS 


(Microprocessor Based Systems, Fault Diagnosis, ATE, Robotics) 
THESE COURSES INCLUDE A HIGH PERCENTAGE OF COLLEGE BASED 
PRACTICAL WORK TO ENHANCE FUTURE EMPLOYMENT PROSPECTS 
NO ADDITIONAL FEES FOR OVERSEAS STUDENTS 


SHORTENED COURSES OF FROM 3 TO 6 MONTHS CAN BE ARRANGED FOR 
APPLICANTS WITH PREVIOUS ELECTRONICS KNOWLEDGE 


O.N.C. 25th April 1988 
FULL PROSPECTUS FROM 


LONDON ELECTRONICS COLLEGE (Dept EE) 
20 PENYWERN ROAD, EARLS COURT, 
LONDON SW5 9SU. Tel: 01-373 8721. 


MAKE YOUR INTERESTS PAY! 


More than 8 million students throughout the world have found it worth their while! An 
ICS home-study course can help you get a better job, make more money and have more 
fun Out of life! ICS has over 90 years experience in home-study courses and is the largest 
correspondence school in the worid. You lear at your own pace, when and where you 
want under the guidance of expert ‘personal’ tutors. Find out how we can help YOu. 
Post or phone today for your FREE INFORMATION PACK on the course of your choice. 

(Tick One box only!) 





















O Radio, Audio 
and TV Servicing 


Basic Electronic Radio Amateur Licence 
Engineering (City & Guilds) (] | Exam (City & Guilds) CL] 
Electrical Engineering (] | Car Mechanics O 


Electrical Contracting/ Computer 
Installation Programming L 


Name a 
POSS i OOO 
International Correspondence Schools, Dept ECS38, 312/314 High St., 


Sutton, Surrey SM1 1PR. Tel: 01-643 9568 or 041-221 2926 (24 hrs). 
UREA oe ENN ME: ALPE CATR SY SEI Sea 


£1 BARGAIN PACKS 


Buy 10 packs... get one free (your choice) 



























. 350 Assorted resistors. Full length leads. PK 22.15 Assorted |.C’s. All new & coded. 
. 400 Assorted resistors. Pre-formed leads. PK 23.50 Assorted unmarked & untested |.C’s. 
. 60 Assorted resistors. Wire wound. PK 24. 100 Assorted diodes. 
. 200 Assorted mixed capacitors. PK 26. 3 
. 200 Assorted ceramic capacitors. 
Electrolytic capacitors. 
2200uf 100 volt capacitors. 
4700uf 30 volt capacitors. 
Assorted rotary potentiometers. Single gang 
Assorted rotary potentiometers. Dual gang 
Assorted slider potentiometers. 
Assorted pre-set potentiometers. 
100K lin multiturn potentiometers. 
1 meg lin multiturn potentiometers. 
Assorted switches. 
bank 4-way push button switches c/w knobs. 
4 pole 5-way wafer switch. 
Assorted contro! knobs. 
Assorted plugs and sockets. 
Pairs D.C. plugs & sockets c/w leads & PP3 clip. 
Assorted transistors. All new & coded. 


Postal order or cheque with order. Please add £1 postage & packing per order. 
Access and Barclaycard orders welcome, minimum £10. 
Electronics magazines, we have an extensive range of back issues. 50p for current lists. 


MJR WHOLESALE, Mount Farm, Harford, 
Llanwrda, Dyfed, WalesSA19 8DP. 


.3 Large power-fin heatsinks. TO3. 

PK 27.1 4section 7 segment l.e.d. clock display. 

PK 28. 20 Assorted neons. Panel mounting & wire ended. 
PK 29.1 Microphone c/w lead, switch, plugs & stand. 
PK 31.3 Dynamic earpieces c/w lead & 3.5mm plug. 
PK 32.2 Telescopic aerials. 

PK 35.1 Large cassette motor. 

PK 36.1. Wire pack. Mains cable. 

PK 38.1 Wire pack. Connecting wire. Assorted colours. 
PK 39. 300 Assorted resistors. /2W or less. F/L leads. 

PK 40. 200 Assorted Polyester capacitors. 

PK 41.12 Push to make switches. pcb mounting 

PK 43.4 Assorted toaster elements. 

PK 44.3 Assorted record player styli. 

PK 45.50 Assorted |.F. and tuning coils. 

PK 46. 35 Assorted resistors 1% tolerance. 


PK 47.1 Bag of surprises. 
PK 48. 25 Assorted Zener diodes. 
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LIGHT SOLDERING DEVELOPMENTS 

LONDON ELECTRONIC COLLEGE 
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MAGENTAELECTRONICS 

MAPLIN ELECTRONICS 

MARCO TRADING 





OMNI ELECTRONICS 


174 Dalkeith Road, Edinburgh EH16 5DX 031 667 2611 








The supplier to use if you're looking for 

* A WIDE RANGE of components aimed at the hobbyist * 
* competitive VAT inclusive prices 
* mail order — generally by return of post x 
* fast, friendly service x 
— by mail order, telephone order or personal call 
* 

Send 2 x 18p stamps for a copy of our latest catalogue — 

we do try to keep the goods we list in stock. 
Whether you phone, write or call in we'll do our best to help you. 


RY Open: Monday-Friday 9.00-6.00 oe 


SKELETON KEYS 


NOTHING LIKE THIS 
HAS EVER BEEN OFFERED BEFORE 


World renowned escapologist David De-Val has been per- 
suaded to release to the readers of Everyday Electronics his 
amazing set of SKELETON KEYS. Each set of six keys will 
open like magic over 200 padlocks, etc. 














Manufactured from high grade hardened and tempered 
spring steel. NO SKILL REQUIRED, simply try each key until 
you find the one to open the lock. Used by David on all 
his television appearances. 


Price £8.00. Please add 30 pence postage and packing. 


Send today— 

Make cheque/PO’s payable to Mr D. Littler, 
Dept. E1, 2 Springhead Avenue, Oldham, 
Lancs OL4 5SP. 





Everyday Electronics, March 1988 
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OMP POWER AMPLIFIER MODULES nowenjoya FBURGLAR ALARM IDEAL for Work- 


world-wide reputation for quality, reliability and performance at a realistic price. Four models Better to be ‘Alarmed’ then terrified. shops, Factories, 
available to suit the needs of the professional and hobby market. i.e., Industry, Leisure, Thandar's famous ‘Minder’ Burglar Alarm System. Offices, Home 
Instrumental and Hi-Fi. etc. When comparing prices, NOTE all models include Toroidal Superior microwave principle. Supplied as three units, etc Supplied 


power supply, Integral heat sink, Glass fibre P.C.B.. and Drive circuits to power compatible complete — with interconnection cable. FULLY d ; 
Vu meter Open and short circuit proof Supplied ready built and tested. GUARANTEED. nea oy Bult. 
; Control Unit — Houses microwave radar unit. range 
OMP100 Mk II Bi-Polar Output power 110 up to 15 metres adjustable by sensitivity control. 
watts R.M.S. into 4 ohms, Frequency Res- Three position, key operated facia switch — off — test 
; — 0 — armed. 30 second exit and entry delay. 

ponse 15Hz - 30KHz —3dB, T.H.D. 0.01%, _Indoor alarm — Electronic swept freq. siren. 

S.N.R. —118dB, Sens. for Max. output 104dB output 

500mvV at10K, Size 355 Xk 115 XK 65mm. Outdoor Alarm — Electronic swept freq. siren. 98dB 7 

PRICE £33.99 + £3.00 P&P. Output. Housed in a tamper-proof heavy duty metal 


a TE Cac: 

y Both the control unit and outdoor alarm contain re- 
OMP. MF190 Mos-Fet Output power 110 chargeable batteries which provide full protection 
watts R.M.S. into 4 ohms, Frequency Res- during mains failure. Power requirement 200/260 Volt 
ponse 1Hz - 100KHz —3qaB, Damping Factor AC 50/60Hz. Expandable with door sensors, panic 
80, Slew Rate 45V/uS, THD. Typical buttons etc. Complete with instructions 


0.002%, Input Sensitivity 500mV, S.N_R. SAVE £138.00 Usual Price £228.85 


—125dB. Size 300 X 123 X 6Omm. PRICE BKE’s PRICE £89.99 + £4.00 P&P 
PRICE £39.99 + £3.00 P&P. ? Why buy a collaction of self-assembly boards! 


OMP/MF200 Mos-Fet Output power 200 OMP LINNET LOUDSPEAKERS 


watts R.MS_ into 4 ohms, Frequency Res- 
ponse 1Hz - 1OOKHz —3dB, Damping Factor The very best in quality and value. Made speciaily to suit todays 
250, Slew Rate 50V/uS, T.H.D. Typical need for compactness with high sound output levels. Finished in 
0.001%, Input Sensitivity 500mvV, S.N.R. hard wearing black vynide with protective corners, grille and carry 


‘ ; handle. All models 8 ohms. Full range 45Hz - 20KHz. Size 20” x 
SCE Genes ne PRICE 15” x 12”. Watts R.M.S. per cabinet. Sensitivity 1W. 1mtr. dB. 


EL TEL ES OMP 12-100 Watts 100dB. Price £149.99 
OMP/MF300 Mos-Fet Output power 300 per pair. 


ee oe eae ee OMP 12-200 Watts 102dB. Price £199.99 
ponse 1Hz - 100KHz — 3dB, Damping Factor per pair Delivery: Securicor £8.00 per pair 
350, Slew Rate 60V/uS, T.H.D. Typical ; 


0.0008%, Input Sensitivity 500mV, S.N_R. 


—130dB, Size 330 X 147 X 102mm. PRICE 02319" STEREO RACK AMPS 1 K-WATT 
PRICE £79.99 + £4.50 P&P. | SLIDE DIMMER 


* Control loads up 
to 1Kw 

* Compact Size 
49," > 1" 2%" 

* Easy snap tn fix- 
ing through panel/ 
cabinet cut out 

* Insulated plastic 
case 

* Full wave con- 
trol using 8 amp 
triac 

* Conforms to 





SS LE ES ET, 
NOTE: Mos-Fets are supplied as standard (1 OOKHz bandwidth & Input Sensitivity 5|00mV). If required, 
P A. version (S5OKHz bandwidth & Input Sensitivity 775mV). Order — Standard or PA 





Vu METER Compatible with our four amplifiers detailed above. A 
very accurate visual display employing 11 L&.D. diodes (7 green, 4 
red) plus an additional on/off indicator. Sophisticated logic control 
circuits for very fast rise and decay times. Tough moulded plastic 
case, with tinted acrylic front. Size 84 » 27 » 45mm 


PRICE £8.50 + 50p P&P. Professional 19” cased Mos-Fet stereo 


amps. Used the World over in clubs, pubs, 
discos etc. With twin Vu meters, twin 


LOUDSPEAKERS 5” to 15” up to 400 WATTS R.MS. lien toroidal power supplies, XLR connections. BS800 





Cabinet Fixing in stock. Huge selection of McKenzie Mes Fan cooled. ee models (Ratings pt aia Ve a 
Loudspeakers available including Cabinet Plans. Large oS ‘M.S. into 4ohms). input Se : numerable applications in 
S.A.E. (28p) for free details. ou, yl MF200 (100 + 100)W. £171.35 Securicor § incustry, the home, and 
POWER RANGE MF400 (200 + 200)W. £228.85 Delivery @ discos. theatres etc 

8” 50 WATT R.MS. Hi-Fi Disco. MF600 (300 + 300)W. £322.00 £10.00 MM PRICE £13.99 + 75p P&P 


20 oz magnet 1',” ally voice coil Ground ally fixing escutcheon Res Freq 40Hz Freq. Resp. to 
6KHz Sens. 92dB PRICE£10 99Available with black grille £11 99 P&P £1.50 ea 
12” 100 WATT R.M:S. Hi-Fi/Disco 

50 oz magnet 2” ally voice coil Ground ally fixing escutcheon. Die-cast chassis White cone. Res BSR P295 ELECTRONIC TURNTABLE 


Freq * Electronic speed control 45 & 33'!,1r.p.m. * Plus 
25Hz Freq Resp to 4KHz Sens 95dB PRICE £2860 - £3.00 P&P ea Minus variable pitch control * Belt driven * Alu- 
e ZIRE a I ES GIES EIT RTE EEE AED I OE EE TE DLE, minium platter with strobed rim * Cue lever * Anti- 
McKENZIE skate (bias device) * Adjustable counter balance * 
12” 85 WATT R.M.S. C1285GP Lead Guitar/Keyboard/Disco. Manual arm * Standard '" cartrige fixings * 
2” ally voice coil. Ally centre dome. Red. Freq. 45Hz. Freq. Resp. to 6-5KHz. Sens. 98dB. Supplied complete with cut out template * D.C. 
POICE £34.57 + £3.00 P&P ea. Operation 9-14v D.C. 65mA 

12” 85 WATT R.M.S. C1285TC P.A./Disco 2” ally voice coil. Twin cone. Price £36.99 — £300 P&P. 


Res. Freq. 45Hz Freq. Resp. to 14KHz. PRICE £35.35 + £3;00 P&P ea. 
15” 150 WATT R.M.S. C15 Bass Guitar/Disco. 

3” ally voice coil. Die-cast chassis. Res. Freq. 40Hz Freq. Resp. to 4KHz. PRICE £66.39 + £4.00 P&P ea. 
__10” 60 WATT R.M.S. 1060GP Gen. Purpose/Lead Guitar/Keyboard/Mid. P.A. 


ADC Q4 mag. cartridge for above. Price £4.99 ea. 


Soho 
MAN AN 


2” voice coil. Res. Freq. 75Hz Freq. Resp. to 7.5KHz Sens 99dB. PRICE £23.72 + £2.00 P&P. @” PIEZO ELECTRIC TWEETERS MOTOROLA 

10” 200 WATT R.M.S. C10200GP Guitar/Keyboard/Disco Join the Piezo revolution. The low dynamic mass (no voice coil) of a Piezo tweeter produces an 

2” voice coil. Res. Freq. 45Hz. Freq. Resp. to 7KHz. Sens. 101dB. PRICE £47.49 + £3.00 P&P. improved transient response with a lower distortion level than oftdinary dynamic tweeters. As a 

15” 200 WATT R.M.S. C15200 High Power Bass. crossover is not required these units can be added to existing speaker systems of up to 100 watts 

bp a ie ale oe to ore oes olde PRICE £73.26 + £4.00 P&P. (more if 2 put in series). FREE EXPLANATORY LEAFLETS SUPPLIED WITH EACH TWEETER. 
.M.S. C15400 Hi ower Bass. re ¥ 

Res. Freq. 40Hz. Freq, Resp. to 4Kiiz, Sens. 102dB. PRICE £94.12 + £4.00 PEP. TYPE ‘A’ (KSN2036A) 3” round with protective wire 


mesh, ideal for bookshelf and medium sized Ht-fi 
speakers. Price £4.90 each + 40p P&P 

TYPE ‘B’ (KSN1005A) 31," super horn. For general 
purpose speakers, disco and PA. systems etc. Price 
£5.99 each ~ 40p P&P 

TYPE ‘C’ (KSN6016A) 2” x 5” wide dispersion 
horn. For quality Hi-fi systems and quality discos etc 
Price £6.99 each + 40p P&P. 

TYPE ‘D’ (KSN1025A) 2” x 6” wide dispersion 
horn. Upper frequency response retained extending 
down to mid range (2KHz). Suitable for high quality 
Hi-fi systems and quality discos. Price £9.99 each 
+ 40p P&P. 

TYPE ‘E’ (KSN1038A) 3%," horn tweeter with 
attractive Silver finish trim. Suitable for Hi-fi monitor 


WEM 
5” 70 WATT R.M.S. Multiple Array Disco etc. 


1” voice coil. Res. Freq. 52Hz. Freq. Resp. to 5KHz. Sens. 89dB. PRICE £22.00 + £1.50 P&P. ea. 
— 8” 150 WATT R.M.S. Multiple Array Disco etc. 
1” voice coil. Res. Freq. 48Hz. Freq. Resp. to 5KHz. Sens. 92dB. PRICE £32.00 + £1.50 P&P ea. 
10” 300 WATT R.M.S. Disco/Sound re-enforcement etc. 
15” voice coil. Res. Freq. 35Hz. Freq. Resp. to 4KHz. Sens. 92dB. PRICE £36.00 + £2.00 P&P ea. 
12” 300 WATT R.M.S. Disco/Sound re-enforcement etc. 
135” voice coil. Res. Freq. 35Hz. Freq. Resp. to 4KHz. Sens. 94dB. PRICE £47.00 + £3.00 P&P ea. 
RB II ES EO OT 


SOUNDLAB (Full Range Twin Cone) 

5” 60 WATT R.M.S. Hi-Fi/ Multiple Array Disco etc. 
1” voice coil Res Freq 63Hz Freq Resp to 20KHz Sens 86dB PRICE £9.99 - £1.00 P&P ea 
| 61," 60 WATT R.MS. Hi-Fi/Multiple Array Disco etc. 
1” voice coil. Res Freq 56Hz Freq Resp. to 20KHz. Sens 89dB PRICE£10 99: £1.50 P&P ea. . 
8” 60 WATT R.M:S. Hi-Fi/Multiple Array Disco etc. systems etc. Price £5.99 each + 40p P&P 

1',"" voice coil Res Freq 38Hz Freq Resp to 20KHz Sens 89dB PRICE £1299 - £1.50 P&P ea LEVEL CONTROL Combines on a recessed mount- 
10” 60 WATT R.MS. Hi-Fi/Disco etc. ing plate, level control and cabinet input jack socket. 


11," voice coil. Res Freq 35Hz. Freq. Resp to15KHz. Sens 89dB PRICE £16.49 + £2. OOP&P 85 . 85 mm Price £3.99 + 40p P&P 





PAR TEE HOBBY KITS. Proven designs including glass... sR STEREO DISCO MIXER 
IN :'SaGtibre printed circuit board and high quality AS) 
‘components complete with instructions. : . STEREO DISCO MIXER with 2 ~ 5 bandL. & 

FM MICROTRANSMITTER (BUG) 90/105MHz with very sensitive | MKS BR. graphic equalisers and twin 10 segment 
microphone. Range 100/300 metres. 57 x 46 x 14mm (9 voit) : \ L.E.D. Vu Meters. Many outstanding features 
Price: £8.62 + 75p P&P. me S Inputs with individual faders providing a 
3 WATT FM TRANSMITTER 3 WATT 85/115MHz varicap controfled me ieee fy 2Sc'u! combination of the following: — ASC ‘ 
professional performance. Range up to 3 miles 35 x 84 x 12mm N fen > lurntables (Mag), 3 Mics, 4 Line plus Mic & N \ 
(12 volt) Price: £14.49+ 75p PEP. Xs with talk over switch. Headphone Monitor ~ \ RANA SS 
SINGLE CHANNEL RADIO CONTROLLED TRANSMITTER/ Pan Pot L&R Master Output controls Out: | gall | sil 
RECEIVER 27Mbz. Range up to 500 metres. Double coded modulation. S Y put 775mV Size 360 « 280 » 90mm aS 
Receiver output operates relay with 2amp/240 volt contacts. Ideal for S\ Price £134.99 — £3.00 P&P - 


many applications. Receiver 90 x 70 x 22mm (9/12 vot). Price: . a ) 
£17.82 Transmitter 80 x 50 x 15mm (9/12 volt). Price: £11.29 shi ~~ 
P&P + 75p each. S.A.E. for complete list. Rielle 
itter a a 
Neer ORDENS WELCOME, BOR Cats ee UT OFFICIAL 7 UNIT 5, COMET WAY, SOUTHEND-ON 
VISA , LS, COLLEGES, GOVERNMENT = aa 
~ + BODIES, ETC. PRICES INCLUSIVE OF V.A.T. SALES COUNTER ?’ SEA, 
ESSEX. SS2 6TR TEL: 0702-527572 







———- VISA/ACCESS/C.0.D. ACCEPTED 








The Dollar has fallen... 





and so have our Prices!! 


SESS) MULTIMETERS-OUTSTANDING VALUE FOR MONEY! 


BUY NOW, THE TIME IS RIGHT! 



































| 
Comprehensive 
With transistor, 
diode and 
=. ec eee. LED tester 
aa 4 i a6 ; bev rooo OFF 5 glee th Monty ‘® 
Od ~BAT ‘DomA| on ne 
te NEUE Es ERENT ES ancnereeew @ ae 
Professional Versatile . Hobby : 
Has all the ranges! Wide Range Measures temperature ideal for beginners, Pocket | 
YJO9K £3495 With battery tester. and capacitance, YI7OH £8.95 Rugged, general purpose, All prices 
£97.95 at o% YP23A £6.95 : C546 include VAT. 
Please add 
£24.95 : 50p towards 
postage. Al 
items subject to 
availability. 











AM Fay sata 
CaM SSTS M-1065 






















Precision ane” Procticg| mma” 41, Digit pee’ Push Button 

High sersity Auto Ranging M8 —FeaturePacked ne"? Hobby rel dubliuapeny rete 

onAC Toseling  MMPRTONUE a cana multi-featured Faihusiacs ONG of buch bit 

current & ‘ in d probe. with ide multimeter. miler oe _ features ise ‘ ” 

resistance, ci 1791 £6495 V)81C £6995 : YI78K £3995 tN 

VIIOL $43-95 YJ80B £39-95 £5495 tester. £59 95 YMO3T £2895 £35 05 YI77} £2695 
: £39.99 YMA £4495 , £25.95 : Se wale ss 


WA oot NOW AND GET A CARRYING CASE WITH YOUR METER (WORTH UP TO £3.95) 
ELECTRONICS Pick up a copy of our 1988 catalogue 


from any branch of WHSMITH for just 





P.O. Box 3, Rayleigh, Essex. Telephone Sales (0702) 554161. £1.60. Or to receive your copy by post 

Shops at: Birmingham. Sutton New Road, Erdington. Tel: 021 384 8411. send £1.60 + 40p p&p to our P.O. Box We’re passing 
Bristol. 302 Gloucester Road. Tel: 0272 232014. address. If you live outside the U.K. on eur cadence 
London. 159-161 King Street, Hammersmith W6. Tel: 01 748 0926. please send £2.75 or 12 International | é 9 
Manchester. 8 Oxford Road. Tel: 061 236 0281. Reply Coupons. rate saving 


Southampton. 46-48 Bevois Valley Road. Tel: 0703 225831. 
Southend-on-Sea. 282-284 London Road, Westcliff-on-Sea, Essex. Tel: 0702 554000. 


to you! 





